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INTRODUCTION
"A p o p u la t io n  o f  animais i s  always changing. I t s  composition i s  
c o n t in u a l ly  b e in g  a l t e r e d  by b i r t h s ,  deaths  and movements. Before we 
can b eg in  to unders tand  the  changes w ith in  a p o p u la t io n  we must be able  
to  measure a t  l e a s t  a few o f  i t s  f e a tu re s  (Quick, 1 9 6 3 ) .” There i s  a 
lack  o f  in fo rm atio n  on b i r t h  and death  r a t e s ,  sex  and age r a t i o s ,  d i s ­
t r i b u t i o n  and movements, and t o t a l  p o p u la t io n  s i z e .  Such in fo rm ation  
is  needed i f  man i s  to r e t a i n  w i l d l i f e  in  ample numbers to perm it f u l l  
r e c r e a t io n a l  use o f  them. P r e s e n t ly ,  such in fo rm atio n  i s  o b ta ined  by 
v a r io u s  sampling methods. However, the problems o f  animal sampling are  
so enormous th a t  p o p u la t io n  d a ta  are  s u b je c t  to  wide e s t im a te  e r r o r s ,  
and in  many cases confidence i s  gained only  from the t ren d s  in d ic a te d  
by time s e r i e s  such as annual census (Cain 1966). These methods are  
g e n e ra l ly  time consuming, i n e f f i c i e n t  and expensive . Tiiere are  i n ­
c re a s in g  in d ic a t io n s  toward a w ider use o f  remote sen so rs  to a id  in  
so lv in g  w i l d l i f e  in fo rm atio n  problems.
"Remote s e n s in g ” i s  the  term c u r r e n t ly  used fo r  the  s tudy  o f  
remote o b je c t s  from g re a t  d is ta n c e s  (H e l le r  1970). This i s  done by 
th e  use o f  remote s e n s o r s ,  such as e l e c t r o n i c  imaging systems and 
p h o tog raph ic  imaging system s. "Remote censusing"  would be the  use o f  
remote sen s in g  techn iques  fo r  e v a lu a t in g  animal p o p u la t io n s .  V isu a l  
o b s e r v a t io n s ,  therm al in f r a r e d  scanning  system s, and pho tograph ic  
systems are  methods by which a e r i a l  remote censusing  might be accom­
p l i s h e d .  Each o f  th ese  has p o t e n t i a l  in  the  f i e l d  o f  w i l d l i f e  man­
agement as sources  o f  in fo rm a tio n .
The problem o f  census ing  big-game animals w ith  a e r i a l  photographs 
l i e s  w ith in  the  l i m i t a t i o n s  o f  the  pho tog raph ic  system. The r e s o lu t io n
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o f  a pho tog raph ic  system d i c t a t e s  the  sm a l le s t  o b je c t  s i z e  t h a t  can 
be d e te c te d  o r  i d e n t i f i e d .  The i d e n t i f i a b l e  s iz e  in c re a s e s  as the 
photo s c a le  in c r e a s e s ,  and w ith  an extrem ely la rg e  s c a l e ,  r e l a t i v e l y  
small t a r g e t s  can be i d e n t i f i e d .  I t  would no t be f e a s ib le  to  use a 
very la rg e  s c a le  f o r  census ing  p u rposes , fo r  a lthough animal i d e n t i ­
f i c a t i o n  would be q u i te  s im p le , the  t o t a l  a rea  coverage o f  each pho to ­
graph would be so sm all t h a t  i t  would take an e x tra o rd in a ry  number o f  
photographs to  cover a la rg e  a rea . T h e re fo re , , fo r  a e r i a l  photographs 
to  be a p r a c t i c a l  censusing  to o l  they must be o f  a la rg e  enough s c a le  
to  pe rm it i d e n t i f i c a t i o n  o f  big-game anim als, y e t ,  a sm all enqügh . - 
s c a le  to pe rm it economical coverage o f  an a rea .
The purpose o f  t h i s  s tudy  i s  to in v e s t ig a te  the p o s s i b i l i t y  o f  
i d e n t i f y in g  big-game animals on s t e r e o - p a i r e d  a e r i a l  pho tographs. 
B a s ic a l ly ,  the problem i s  as fo llow s : Is i t  f e a s ib l e  to  design  an
a e r i a l  pho tog raph ic  system  th a t  would enable the  pho tog raph ic  i n t e r ­
p r e t e r  to ;  (1) i d e n t i f y  big-game animals as an im als , (2) i d e n t i f y  
big-game animals to  s p e c ie s ,  and (3) id e n t i f y  big-game animals to 
sex  and age groups? I f  such an a e r i a l  pho tograph ic  system i s  f e a s i b l e ,  




The methods c u r r e n t ly  used fo r  censusing  big-game animals have 
numerous advantages and d isad v an tag es .  The advantages a s s o c ia te d  
with any one techn ique  a re  g e n e r a l ly  personnel advan tages , such as 
l e s s  time in v o lv ed , l e s s  man-power invo lved  and ease o f  s t a t i s t i c a l  
c a l c u l a t i o n s .  The d isad v an tag es  are o f ten  p o p u la t io n  o r i e n te d ,  such 
as u n r e l ia b le  p o p u la t io n  e s t im a te s ,  and improper use o f  s t a t i s t i c s  to 
allow  fo r  i n e f f i c i e n c i e s  and unknown d a ta  (Hazzard 1958). The f o l ­
lowing d iscu ss io n  o u t l in e s  some o f  the s t r e n g th s  and weaknesses o f  
fo u r  major ground census te ch n iq u es .
Drive Census
"A d riv e  i s  a method o f  censusing  animals u s u a l ly  ap p l ie d  in  
such a manner th a t  a s t r a i g h t  l i n e  o f  d r iv e r s  move across  a s e l e c te d  
a re a  and e i t h e r  fo rce  th e  animals back through the l i n e  o r  out be ­
tween coun ters  s t a t i o n e d  around the p e r ip h e ry .  The method has gen­
e r a l l y  been used in  census ing  deer (Hazzard 19 5 8 )."  Ruff (1939) 
s t a t e d  th a t  "In  a w ell o rg an ized  d r iv e ,  a l l . . .  animals are  observed; 
and th e  method, th e re fo re  g ives a r e l i a b l e  e s t im a te  o f  a b so lu te  
num bers."  E rickson  (1940) r e p o r te d  t h a t  " . . .T h e  techn ique  o f  the  
census d r iv e  i s  com plicated  and slow , w ith  the  r e s u l t  t h a t  i f  many 
samples o f  an a rea  are  censused i t  becomes a very time consuming 
p r o c e s s . "  Dice (1941) agreed  w ith  Erickson in  say ing  th a t  under any 
c ircu m stan ces ,  the d r iv e  method i s  slow and expensive . A p r in c i p l e  
advantage o f  the  w ell execu ted  d rive  census i s  t h a t  reaso n ab ly
-3 -
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a ccu ra te  counts can be o b ta in e d  on sample a re a s ,  while  the  d isadvan­
tages  are the  d i f f i c u l t y  o f  p r o je c t in g  sample counts to give r e l i a b l e  
e s t im a te s  o f  l a r g e r  a re a s ,  and the la rg e  number o f  men re q u ire d  
(Hazzard 1958).
S t r i p  Census
"The s t r i p  o r  c ru is e  method o f  censusing big-game an im als ,  as i t  
i s  g e n e ra l ly  a p p l ie d ,  i s  a method in  which animals are  counted w ith in  
a " s t r i p "  along a p rede term ined  course , the width o f  the s t r i p  being 
the average f lu s h in g  o r  jumping d is ta n c e  o f  the  animal in  q u es t io n  
(Hazzard 1958)."  The r e s u l t s  o f  the s t r i p  census are  then a p p lied  
to  whole a reas  to  o b ta in  a t o t a l  p o p u la t io n  e s t im a te .  Tlie advan­
tages  o f  t h i s  system are  th a t  one o r  two men can make the survey , 
the procedure  re q u ire s  l i t t l e  t r a i n i n g ,  and the  a c tu a l  counts re q u ire  
r e l a t i v e l y  few man-hours. Hie d isadvantages  o f  the system are  the 
d i f f i c u l t y  o f  p r o j e c t in g  the  sample counts to t o t a l  e s t im a te s  w ith 
a known degree o f  accuracy , de te rm in ing  the t ru e  w idth  o f  the  s t r i p  
and th e  importance o f  e s t a b l i s h in g  the  s t r i p s  in  a reas  o f  random 
animal d i s t r i b u t i o n  and r e p r e s e n ta t iv e  h a b i t a t  types (Hazzard 1958).
R atios  Based on Sex and Age With a Known Removal
The r a t i o  census techn ique  g e n e ra l ly  invo lves  the  use o f  p re -  
and p o s t -h u n t in g  season sex r a t i o s  and t o t a l  k i l l  numbers. T heo re t­
i c a l l y ,  the  method i s  a p p l ic a b le  to  any s p e c ie s ,  and would fu n c tio n  
as w ell on a s t a t e  wide b a s i s  as on a sm all a re a .  Furtherm ore , they 
can be used to  check one a n o th er  (P e t r id e s  1949). The weaknesses in
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t h i s  method are apparen t and r e a l ,  "Hie apparen t weaknesses l i e  in  
the f i e l d  d e te rm in a tio n  o f the sex  o f  the anim al, e s p e c i a l l y  as b e ­
tween y e a r l in g  bucks and does , and a lso  in  g e t t i n g  the t ru e  r a t i o  
between fawns and a l l  does. Another apparen t weakness i s  in  g e t t in g  
adequate samples o f  the  deer  h e rd s .  Besides g e t t i n g  an adequate 
number, every  d i s t r i c t  should  be sampled. One r e a l  e r r o r  i s  th a t  o f  
n o t  g e t t i n g  a f u l l  count o f  a l l  animals removed from a given d i s t r i c t .  
This e r r o r  can be allowed f o r  on a s t a t i s t i c a l  b a s i s  i f  an adequate 
sample i s  o b ta in ed  o f  the s u c c e s s - r a t i o  among the h u n te r s ,  y e t  ag a in ,  
i t  may be im possib le  to  e s t im a te  the number o f  h u n te r s .o n  the  a rea .
P e l l e t  Counts
N eff  (1968) s t a t e d  t h a t  sy s te m a tic  p e l l e t - g r o u p  counts fo r  b ig -  
game t r e n d ,  census and d i s t r i b u t i o n  o r ig in a te d  in  the l a t e  1930' s  and 
have s in ce  been used fo r  a v a r i e ty  o f  re sea rc h  and management o b je c ­
t i v e s .  The method in v o lv es  counting  o f  p e l l e t  groups on sample p l o t s ,  
and then  w ith  knowledge o f  d e fe c a t io n  r a t e s ,  and th e  number o f  days 
o f  p e l l e t  accum ula tion , e s t im a t in g  the  t o t a l  p o p u la t io n  on the  l a r g e r  
a re a .  S chrader (1944) checked p o p u la t io n  e s t im a te s  d e r iv ed  from 
p e l l e t  group counts to  ones made by the d r iv e  te ch n iq u e , and f e l t  th a t  
the  p e l l e t  count technique was o f  l i t t l e  value in  Minnesota. Smith 
(1964) found th a t  s t a t i s t i c a l  a n a ly s is  o f  counts made on w in te r  ranges 
in d i c a t e s  t h a t  more than  200 p lo t s  o f  100 square  f e e t  each in  s i z e ,  
may be re q u i re d  fo r  reasonab le  accuracy w ith  h igh  deer p o p u la t io n s .
Van E t ten  and Bennett (1965) t e s t e d  the  v a l i d i t y  o f  the  assumption 
t h a t  a l l  p e l l e t - g r o u p s ,  w ith in  sample p l o t s ,  a re  found and aged
c o r r e c t l y .  They d id  t h i s  by checking th e  a b i l i t y  o f  two game b i o l o g i s t s  
to  f in d  and age p e l l e t - g r o u p s  in  the f i e l d .  The b io l o g i s t s  d i f f e r e d  
s i g n i f i c a t n l y  in  t h e i r  a b i l i t y  to  make a ccu ra te  co u n ts ,  bu t  bo th  made 
e r r o r s  o f  m iss ing  groups, and c a l l i n g  new groups o ld .
A e r ia l  Surveys
A e r ia l  surveys o f  big-game by d i r e c t  o b se rv a t io n  were made in  Utah 
as e a r ly  as 1931 (Olson 1945), and are  now conducted in  many s t a t e s .
The use  o f  a e r i a l  photography f o r  animal in v e n to r ie s  has been more r e ­
s t r i c t e d ,  though photographs have sometimes been used to  confirm  the  
d i r e c t  counts made by o b serv ers  (Leedy 1960). A e r ia l  photography has 
been used s in c e  th e  l a t e  1 9 4 0 's and e a r ly  1950's  fo r  waterfowl and f i s h ­
e r i e s  s tu d ie s  (Kinghorn 1949; Day 1950; C h a t l in  1952; and E iche r  1953). 
The d isadvan tages  o f  u s ing  a e r i a l  photographs o f te n  stem from th e  lack  
o f  exper ience  in  censusing  w ith  photography (Kinghorn 1949), and f a i l u r e  
to  encoun te r  th e  c l e a r  w eather c o n d i t io n s  re q u ire d  (Leedy 1953).
I t  i s  im portan t t h a t  a w i l d l i f e  manager know th e  number o f  
anim als in  an a re a .  Many techn iques  fo r  e v a lu a t in g  big-game 
numbers have been used (Mosby 1963), and in  some c ircu m stan ces ,  
a e r i a l  photography o f f e r s  th e  b e s t  means o f  o b ta in in g  th e se  num­
b e rs  (Leedy 1960). Photographs o f  animal c o n c e n tra t io n s  u s u a l ly  
taken  a t  low a l t i t u d e s ,  a re  en larged  and the animals a re  counted w ith  
th e  a id  o f  magnifying g la s s e s  o r  b in o c u la r  m icroscopes. S te reo sco p ic  
s tu d y  would a s s i s t  in  i d e n t i f i c a t i o n  o f  c e r t a i n  sp e c ie s  and sometimes 
should  pe rm it c l a s s i f i c a t i o n  by sex and age. I t  would a lso  be v a lu -
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uable in  coun ting  animals p a r t l y  hidden by v e g e ta t io n  (Leedy 1960). 
V e r t ic a l  photography would ease the  problem o f  t r a n s f e r r i n g  inform a­
t io n  to  maps, thus a id in g  the s o lu t io n  o f  the time and space problem.
Although many p o p u la t io n  c h a r a c t e r i s t i c s  are  v a lu a b le ,  numbers, 
d i s t r i b u t i o n  and lo c a l  d e n s i t i e s  a re  very im portan t and, f o r tu n a t e ly ,  
most l i k e l y  to y i e ld  to  remote sen so rs .  Photographs us ing  d i f f e r e n t  
p a r t s  o f  v i s i b l e  l i g h t  and in f r a r e d  in  combinations by o v e r f l i g h t s  
would y i e l d  much in fo rm ation  in  open country such as g ra s s la n d s ,  
tu n d ra ,  and animals on w a ter  o r  ic e  (Cain 1960).
A e r ia l  photographs a re  u se fu l  to o ls  fo r  e s t im a t in g  h u n tin g  and 
f i s h in g  p r e s s u r e s ,  making e c o lo g ic a l  s tu d ie s  o f  h a b i t a t ,  and choosing 
a reas  f o r  a c q u i s i t io n  and development as w i l d l i f e  re fu g e s .  They a lso  
serve  as reco rds  o f  a reas  which are  d i f f i c u l t  to reach  on the ground 
(Leedy 1960).
In c e r t a in  c ircu m stan ces ,  f i s h  can be counted on a e r i a l  ph o to ­
graphs. For example, photo i n t e r p r e t a t i o n  has f r e q u e n t ly  been used 
to e s t im a te  the s i z e  o f  h e r r in g  and s a rd in e  schoo ls  (Young 1956).
Kelez (194 7) and E ich e r  (1953) have de sc r ib ed  a e r i a l  survey te c h ­
n iques  f o r  counting  red  salmon in  w estern  Alaska. The a e r i a l  pho to ­
g raph ic  survey  i s  the  most f e a s ib le  way to  count f i s h  and study 
t h e i r  d i s t r i b u t i o n  in  the spawning grounds during  the sh o r t  season ; 
ground s tudy  a t  more than a few s tream s would re q u i re  an in o rd in a te  
number o f  o b serv ers  a t  g re a t  expense (Leedy 1960).
Some work has been s u c c e s s f u l ly  done us ing  a e r i a l  photographs fo r  
w i l d - l i f e  censusing . During s tu d ie s  o f  the ca r ib o u  made by the Can­
adian  W ild l i fe  S e rv ic e ,  s e v e ra l  hundred a e r i a l  photos o f  m ig ra t in g
herds  were taken from low a l t i t u d e s .  The photographs were used to  
check ground counts and to  determ ine age and sex composition o f  the 
herds  (B an f ie ld  1956).
Andreev (1961) r e p o r te d  an a ttem p t to  census the  r e in d e e r  pop­
u la t io n  on the Taimyr P en n in su la ,  in  the  S ov ie t  Union, u s ing  v e r t i ­
cal a e r i a l  pho tographs. Small s c a t t e r e d  groups were counted v i s u ­
a l l y ,  w hile  the  la rg e  c o n c e n tra t io n s  were photographed. The r e i n ­
deer were photographed from an a l t i t u d e  o f  200 m e te rs , and 90,000 
w ild  deer  were thus  counted. Considering.,^the r e s u l t s  o f  the exper­
iments o f  the Canadian r e s e a rc h e r s  (B an f ie ld  1956) , i t  was e s t im a ­
ted  t h a t  between 100,000 and 110,000 re in d e e r  roam over the Taimyr 
P enn insu la  p a s tu r e la n d s .
CHAPTER I I  
METHODS 
SELECTION OF STUDY AREA
The- Bison Range, in  Northwest Montana, c o n s i s t s  of a p p ro x i­
m ate ly  48,000 a c re s  surrounded by a big-game p roo f  fen c e .  Within 
i t s  boundaries  th e re  a re  b iso n ,  e lk ,  sheep, a n te lo p e ,  d e e r ,  long­
horn c a t t l e ,  and h o rse s .  Because of the  wide v a r i e t y  o f  la rg e  
animal s p e c ie s ,  th e  a re a  i s  well s u i te d  fo r  t h i s  type o f  i n v e s t i ­
g a t io n .  The immediate a rea  around th e  h ead q u a r te rs  i s  occupied 
by e x h ib i t io n  p a s tu r e s ,  where big-game sp ec ie s  a re  penned fo r  t o u r ­
i s t  viewing purposes . During the  time o f  t h i s  s tudy , th e re  were 
fo u r  a n te lo p e ,  th re e  b iso n ,  two longhorn s t e e r  and f i v e  e lk  w i th ­
in  th e  v a r io u s  p a s tu r e s .  In a d d i t io n  to  th e se  an im als ,  the  open 
p a s tu r e s  around th e  e x h ib i t io n  a rea  con ta ined  a n te lo p e ,  deer  and 
h o rs e s .  I t  was decided  to  photograph the  e x h ib i t io n  a rea  to  in su re  
s te r e o s c o p ic  coverage o f  s ev e ra l  big-game sp ec ie s  during  each 
f l i g h t .  I t  was a ls o  decided  to  use b lack  and w h ite ,  t r u e  c o lo r ,  
and f a l s e  c o lo r  in f r a r e d  f i lm ,  and to  expose each f i lm  type  a t  
s c a le s  o f  1:15,000,- 1 :10 ,0 0 0 , 1 :6 ,000  and 1 :3 ,0 0 0 . This  r e s u l t e d  
in  a t o t a l  o f  t h i r t e e n  f i lm - s c a le  combinations (The f a l s e  co lo r  




The photographs ob ta ined  in  each y.iission were eva lu a ted  w ith  
r e s p e c t  to  animal i d e n t i f i c a t i o n .  This meant t h a t  each f i lm  and 
s c a le  combination must be eva lua ted  in d iv id u a l ly ,  and then  th e  r e s u l t s  
o f  t h a t  e v a lu a t io n  compared w ith  the  r e s u l t s  ob ta ined  from th e  o th e r  
com binations. Each s e t  o f  photographs was viewed by se v e ra l  d i f ­
f e r e n t  methods. These methods were as fo llow s: 1 . V isual scan ­
n in g ,  no o p t i c a l  a id s  used , 2. Monocular s tudy , u s ing  a lOX viewing
d e v ice ,  3. S te re o s c o p ic a l ly  us ing  a s tandard  two power s t e r e o ­
scope, and 4. S te re o s c o p ic a l ly  us ing  a seven power m ir ro r  s t e r e o ­
scope.
The d i f f e r e n t  s c a le s  were not viewêd in  any s e t  o rd e r ,  nor
were the  viewing methods used in any s e t  o rd e r .  For each f l i g h t ,
th e  o rd e rs  fo r  viewing methods and s c a le s  were determ ined randomly.
IDENTIFICATION CRITERIA
Before anim als can be i d e n t i f i e d  on v e r t i c a l  a e r i a l  pho to ­
g raphs , i t  i s  n ece s sa ry  to  know what the  c h a r a c t e r i s t i c s  o f  the  
anim als would be from t h i s  view. We norm ally  view an animal from 
a h o r iz o n ta l  p e r s p e c t iv e ,  and a l l  our c r i t e r i a  f o r  id e n t i f y in g  t h a t  
animal a re  dependent on t h a t  h o r iz o n ta l  view. Many of th e se  id e n ­
t i f y i n g  c h a r a c t e r i s t i c s  o f  big-game animals w i l l  n o t  be v i s i b l e  
on v e r t i c a l  a e r i a l  pho tographs. I t  i s  n e ce ssa ry ,  t h e r e f o r e ,  to  
develop a new s e t  o f  id e n t i f y in g  c h a r a c t e r i s t i c s .  The fo llow ing
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l s  an o u t l in e  o f  such c h a r a c t e r i s t i c s :
1. S ize  and Shape: The a d u l t  animals o f  any one sp ec ie s  a re
q u i te  uniform in  le n g th  and width measurements. There a r e ,  
however, some s i g n i f i c a n t  d i f f e r e n c e s  between a d u l t  animals 
o f  d i f f e r e n t  sp e c ie s .  A ntelope, measure from nose to  t a i l ,  
about fo u r  f e e t  long , and a re  about one and o n e -h a l f  f e e t  wide. 
Deer average f iv e  f e e t  in  le n g th ,  and approx im ate ly  one and one- 
h a l f  f e e t  a c ro ss  the  sh ou lders .  Adult e lk  a re  seven to  e ig h t  
f e e t  long, and two and o n e -h a lf  f e e t  wide. Bison, the  l a r g e s t  
o f  th e  anim als in v e s t ig a te d ,  a re  about ten  f e e t  long, and th re e  
f e e t  wide (Cahalane 1947 and Palmer 1957). I t  i s  i n t e r e s t i n g  
to  n o te  how narrow th e  bison  i s  compared to  i t s  massive s iz e .
In the  v e r t i c a l  view, th e  huge shou lders  and deep c h es t  a re  
n o t  a p p a ren t ,  and th e  animal appears  to  be sm alle r  than  in  
the  h o r iz o n ta l  view (Photographs 1 and 2 ) .
I. Tone: The c o lo r  to n e ,  or change in  c o lo r  tone a c ro ss  th e
body, i s  f r e q u e n t ly  d i f f e r e n t  from one big-game animal to  
an o th e r .  During the  w in te r ,  bo th  mule deer and w h i t e - t a i l e d  
deer  a re  a b lu e -g ra y  c o lo r ,  and th e  tone i s  q u i te  uniform 
a c ro ss  the  e n t i r e  le n g th  of th e  back. An an te lo p e  i s  a p a le  
tan  a c ro ss  most of th e  back, w ith  a la rg e  white  rump p a tch ,  
t h a t  may or may no t  be v i s i b l e  on a e r i a l  photographs. Elk 
have a p a le  y e llo w ish  rump p a tch ,  a reddish-brow n body, and 
a dark  chestnut-brow n neck. Bison have a l i g h t  brown body,
.w ith  a ve ry  dark  brown neck and head reg io n  (Photographs 3 ,4 ,5 ) .
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Photograph 1. Horizontal View o f Adult Bison.
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Photograph 2. Oblique View of Adult Bison.
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Photograph 3. H orizon ta l View of a W h ite - ta i le d  Deer.
Photograph 4. H orizontal View of a Pronghorn Antelope.
- 15 -
Photograph 5. Horizontal View o f  an Adult Elk.
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Photograph 6. A er ia l  Oblique Showing Bison Shadow D e ta i l ,
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3. Shadow C h a r a c t e r i s t i c s ;  During the  w in te r  and sp r in g  months, 
the  angle  o f  th e  sun i s  r e l a t i v e l y  low, and a t  s o la r  noon, th e  
shadows c a s t  by anim als  should be c l e a r l y  v i s i b l e  on a e r i a l  
pho tographs. I f  th e  animal i s  s tand ing  a t  r i g h t  ang les  to  
the  sun, a t  th e  moment o f  exposure, th e  shadow c a s t  could r e ­
v e a l  in fo rm atio n  about the  animal t h a t  i s  no t v i s i b l e  on the  
image o f  th e  animal i t s e l f .  For example, a good shadow c a s t  
by a b ison  w i l l  re v e a l  the  hump o f  th e  s h o u ld e rs ,  and the  
drop from the  shou lder  reg io n  to  the  neck reg io n  (Photograph 6)
4. Movement: I f  an o b je c t  i s  moving on th e  ground, during  the
ph o tog raph ic  p e r io d ,  i t  w i l l  appear in  d i f f e r e n t  p o s i t io n s  
in  su ccess iv e  photographs. This change in  p o s i t io n  from one 
photograph to  a n o th er  o f te n  r e s u l t s  in the  image appearing  to  
" f l o a t "  in  th e  s te r e o  model. At o th e r  t im es , th e  o b je c t  may 
move f a r  enough th a t  i t  w i l l  no t  be seen in  s t e r e o .  This  
c r i t e r i a  would be q u i te  v a lu a b le  in  s e p a ra t in g  some anim als 
from inan im ate  o b je c t s .
5. Grouping: At c e r t a i n  tim es o f  th e  y e a r ,  some big-game anim als
ten d  to  group to g e th e r .  The p a t t e r n  o f  t h i s  g rouping .m ight 
enab le  the  i n t e r p r e t e r  to  d e te c t  the  an im als ,  and p o s s ib ly  to  
i d e n t i f y  them.
6. H a b i ta t :  The type o f  h a b i t a t  the  anim als a re  found in  might
be a v a lu a b le  c lue  to  sp ec ie s  i d e n t i f i c a t i o n .  A lso , th e  a l ­
t e r a t i o n  o f  th e  h a b i t a t  caused by the  animal would in d ic a te
' what sp ec ie s  were l i k e l y  to  be in  the  a re a .  For example.
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th e  p resence  o f  b u f f a lo  wallows would in d ic a te  the  presence  
o f  b iso n .
Using th e  above c h a r a c t e r i s t i c s ,  the  a e r i a l  photographs were 
ev a lu a ted  w ith  r e s p e c t  to  animal i d e n t i f i c a t i o n .  I t  was found 
t h a t  through e x p e r ien c e ,  an i n t e r p r e t e r  can become q u i te  adep t 
a t  i d e n t i f y in g  big-game anim als c o r r e c t l y .
A t e s t  was designed  to  see i f  persons  t r a in e d  in  f o r e s t  
photograrametry could  c o r r e c t l y  i d e n t i f y  th e  same anim als as an 
experienced  i n t e r p r e t e r .  Twelve persons  e n ro l le d  in  th e  a e r i a l  
photo a n a ly s i s  c l a s s ,  a t  th e  U n iv e rs i ty  o f  Montana, were used as 
s u b je c t s .  These pe rsons  were given a l e c tu r e  o u t l in in g  the  n e c e s ­
s a ry  in fo rm atio n  needed to  i d e n t i f y  anim als on a e r i a l  photographs. 
They were a ls o  shown s l i d e s ,  taken  on th e  ground, o f  v a r io u s  
big-game and dom estic  anim als showing body conform ations and 
c o lo r  v a r i a t i o n s .  They were then given th re e  s e t s  o f  b lack  and 
w hite  pho tographs; 1 :6 ,0 0 0 ,  1:10,000 and 1 :15 ,000 , and asked to  
i n t e r p r e t  th e se  w ith  r e s p e c t  to  an im als .  Using my i n t e r p r e t a t i o n s ,  
and the  i n t e r p r e t a t i o n s  g iven  to  me by th e se  in d iv id u a l s ,  th e  
t h i r t e e n  f i l m - s c a l e  com binations were ev a lu a ted  as p o s s ib le  to o l s  
f o r  big-game i d e n t i f i c a t i o n  and census work.
FLIGHT PLANNING
Before th e  a c tu a l  f ly in g  o f  an a e r i a l  pho tograph ic  m iss io n ,  
i t  i s  n e c e s sa ry  to  " f l i g h t  p lan"  th e  m iss io n .  To accom plish t h i s ,  
th e  fo llow ing  b a s ic  in fo rm atio n  must be ob ta ined  (Avery 1968).
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Scale  o f  base map
Size o f  a re a  to  be photographed
Average ground e le v a t io n  above sea le v e l
Photo s c a le
Average endlap
Average s id e la p
N egative form at
Lens fo c a l  len g th
A i r c r a f t  ground speed
Using t h i s  in fo rm a t io n ,  th e  fo llow ing  a re  c a lc u la te d ;
F ly ing  h e ig h t  above ground and a l t i t u d e  
D ire c t io n  and number o f f l i g h t  l in e s  
Ground d is ta n c e  between f l i g h t  l in e s  
A ctual p e rc e n t  s id e la p  
Map d i s ta n c e  between f l i g h t  l in e s  
Ground d is ta n c e  between exposures 
Number o f exposures on each l in e  
T o ta l  number o f exposures 
Time in t e r v a l  between exposures
Basic In form ation
Base map s c a le  - 1 :24 ,000  or 1" = 2 ,000 '
Average ground e le v a t io n  above sea le v e l  - 2 ,600 '
S ize  o f  a re a  - 1 ,9 7 8 ' by 1 ,222 '
D esired  endlap - 60%
D esired  s id e la p  - on ly  one f l i g h t  l in e  
D esired  p r i n t  s c a le  - v a r io u s  s c a le s  in  p r o je c t  
N egative form at - 2%" x 2%"
Lens fo c a l  le n g th  - 80mm
A i r c r a f t  ground speed - 75mph (l lO fps)  and 90mph (132fps)
CALCULATIONS
The fo llow ing  c a l c u l a t i o n s  a re  fo r  th e  s c a le  o f  1 :15 ,000 . 
R esu l ts  o f the  c a l c u l a t i o n s  f o r  the  o th e r  s c a le s  used in  the  
p r o je c t  a re  shown in  Table  1.
1. F ly ing  h e ig h t  (H) above ground, and A l t i tu d e  (A).
RF = f/H  Where;
RF = d e s i r e d  s c a le  o f  the  photography 
f  = fo c a l  le n g th  of lens
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A l t i tu d e
Exposu 
In te rv
1 :3 ,0 0 0 281' 561x561 782' 3382 2 .5 s
1 :6 ,000 562' 1125x1125 1562' 4162 5 ,1 s
1 :10 ,000 750' 1875x1875 2620' 5220 5 .6 s
1:15 ,000 1125' 2812x2812 3930' 6530 8 .5 s
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H = f ly in g  h e ig h t
1 :15 ,000  = 80mm/H and H = 3930 f e e t
A = ground e le v a t io n  + H 
A = 2 ,600 ' + 3 ,930 '
A, = 6,530 f e e t
2. D ire c t io n  and number o f  f l i g h t  l i n e s .
The o r i e n t a t i o n  of th e  a re a  to  be photographed i s  such t h a t  
f ly in g  in  a c a r d ia n l  d i r e c t io n  (N-S, E-W) would no t g ive  th e  
b e s t  p o s s ib le  coverage. T h e re fo re ,  th e  a rea  was flown us ing  
v i s i b l e  ground f e a tu r e s  as guides  (F igure  1 ) .  A lso, because 
o f  th e  r e l a t i v e l y  sm all s iz e  o f  th e  a r e a ,  only one f l i g h t  
l in e  was n e ce s sa ry .
3. Ground d is ta n c e  between exposures .
The d e s i r e d  p e rc en t  overlap  to  in su re  s te r e o  coverage was 
60%. T h e re fo re ,  th e  ground gained forward (GGF), o r d is ta n c e  
t r a v e le d  between exposures would be 40% o f  th e  ground coverage 
of th e  n e g a t iv e  fo rm at.  T h e re fo re :
GGF = .40 X Neg. form at X P h o to -sca le  r e c ip r o c a l
Neg. form at X P h o to - sc a le  r e c ip r o c a l  = .1875 X 15,000
= 2,812 f e e t
GGF = .40 X 2 ,812 ' and GGF = 1,125 f e e t
4. Map d is ta n c e  between exposures.
MD/GD = MS Wliere:
MD = map d is ta n c e  
GD = ground d is ta n c e  
MS = s c a le  o f  map
MD/1,125 = l " / 2 ,0 0 0 '






Scale - 1" = 2 ,000 '
F igure  I .  Bison Range Map. Po in ts  1 and 2 a re  v i s i b l e  f e a tu r e s  
used to  e s t a b l i s h  the  f l i g h t  l i n e .  Po in t 1 i s  a sharp  
curve in  a road , and p o in t 2 i s  an oxbow in  M ission Creek. 
(U.S.G.S. 1964)
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5. Number o f  exposures on each l in e .
The number o f  i n t e r v a l s  between exposures p lu s  one equa ls  
the  number o f  exposures . T here fo re :
# = a rea  length/GGF
# = 1 ,9 7 8 7 1 ,1 2 5 '
# = 1.75 or 2 i n t e r v a l s
I f  th e re  a re  two i n t e r v a l s ,  then  th e re  w i l l  be th re e  p h o to ­
graphs . I t  i s  a ls o  n ece ssa ry  to  inc lude  two photographs a t  
th e  beginning and a t  th e  end o f  each f l i g h t  l in e  to  in su re  
complete coverage. The t o t a l  number o f  exposures th e n ,  i s :
3 + 2 + 2 = 7.
6. Time in t e r v a l  between exposures ( I ) .
Time in t e r v a l  o r exposure i n t e r v a l  = GGF/Airspeed (fps)
Time in t e r v a l  = 1 ,1 2 5 '/1 3 2  fps  
I = 8 .5  seconds
SPECIAL FLIGHT PLANNING
The o th e r  s c a l e s ,  to  be flown, were planned in  a manner sim­
i l a r  to  th e  fo rego ing  d i s c u s s io n ,  w ith  the  excep tion  o f  the  1 :3 ,000  
s c a le .  This s c a le  p re se n te d  a sp e c ia l  problem. The camera used 
could  no t  be o p e ra ted  f a s t e r  than  fo u r  seconds. However, w ith  th e  
ground speed o f  75 mph n e ce ssa ry  f o r  s a f e ty  and adequate  a i r c r a f t  
a t t i t u d e  c o n t r o l ,  a s c a le  o f  1 :3 ,000  would need an exposure i n t e r ­
v a l  o f about 2 .5  seconds. An e v a lu a t io n  o f  t h i s  s c a le  was d e s i r ­
a b le ,  so a s p e c ia l  "shotgun" techn ique  was dev ised  t h a t  would 
produce the  d e s i r e d  o v e r la p .  By doubling th e  exposure i n t e r v a l  
to  f iv e  seconds, th e  r e s u l t i n g  o v e r lap  between exposures would
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n o t p rov ide  s te r e o  coverage , but would prov ide  a continuous l in e  
o f  photographs covering  th e  a rea  in  q u es t io n .  Then, i f  a second 
pass  were to  be made, a l s o  a t  an exposure i n t e r v a l  o f  f iv e  seconds, 
but th e  f i r s t  exposure be ing  s t a r t e d  2.5 seconds l a t e r  than  the  
f i r s t  exposure Of th e  f i r s t  p a ss ,  then the  combination o f  the  two 
p a ss e s  should produce photographs w ith  s te re o  coverage. This te c h -  
was t r i e d  on the  f i r s t  two m issions  with l im i te d  success (F igure 
2 ) .
DATA RECORDS
The in fo rm a t io n ,  ob ta in ed  in  the  f l i g h t  p lann ing  p rocedures , 
needed during  th e  execu tion  o f  the  m iss ion , was recorded  on a 
s p e c ia l  f l i g h t  p lan  form. The type o f camera, f i lm ,  and f i l t e r  was 
a l s o  re c o rd ed , to  e l im in a te  exposure e r ro r s  t h a t  might r e s u l t  
from us ing  s e v e ra l  d i f f e r e n t  types o f  f i lm s  and f i l t e r s .  O ther 
v a lu e s ,  such as th e  s h u t t e r  speed and lens  opening were f i l l e d  
in  during  the  a c tu a l  f ly in g  o f  the  m iss ion . The f l i g h t  p lan  
forms f o r  t h i s  p r o j e c t  a re  shown in  Tables 2, 3, and 4.
AIRCRAFT
The a i r c r a f t  used in  t h i s  study was a Cessna 206, having a 
s ix  person  s e a t in g  c a p a c i ty .  When the  p lane  i s  to  be used f o r  
a e r i a l  photography, the  middle r i g h t  s ea t  i s  removed exposing a 
fo u r  inch  d iam eter  ho le  cu t in  the  f lo o r in g  ( a i r c r a f t  m odified 




F igu re  2. 1 :3 ,000  "Shotgun" Technique. Exposures 1 - 6
a re  taken  f i r s t ,  and exposures 7 - 12 on the  
second run.
-------------------------  - O u tlin e  o f f i r s t  s ix  exposures
O u tl in e  of second s ix  exposures
FLIGHT PLAN ^o. One AREA Bison Range DATE 2 /4 /69 TIME 12:45 PM
Run Film ASA F i l t e r Camera Scale
! Focal 
1 Length
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Table 2. F l ig h t Plan For F ligh t One.
FLIGHT PLAN _ -pwo AREA Bison Range 5 /2 /69 TIME 1-00 PM
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Table 3. F l ig h t  Plan For F l ig h t  Two.
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Table 4. F ligh t Plan For F l ig h t Three,
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a e r i a l  pho tographs , th e  camera i s  o r ie n te d  in  t h i s  h o le .  The 
pho tographer s i t s  in  th e  r i g h t  r e a r  s e a t ,  and p o s i t io n s  the  hand 
h e ld  camera over th e  ho le  (Photograph 7). The n a v ig a to r - t im e r  
occupies  th e  l e f t  middle s e a t .  His d u t i e s  a re  to  s t a r t  and s top  
th e  photography a t  the  p roper moments, and to  time th e  exposure 
i n t e r v a l s .  The p i l o t ' s  job  i s  t o , a l i g n  the  a i r c r a f t  along the  
p rede term ined  f l i g h t  l i n e ,  and to  m a in ta in  a c o n s ta n t  a l t i t u d e  
and speed.
CAMERAS
The camera used (H asse lb lad  - 500C) has in te rc h an g e a b le  
f i lm  backs , a llow ing  a change in  f i lm  type w ithout having to  
expose an e n t i r e  r o l l  b e fo re  th e  change can be made. Two such 
backs were used , one loaded w ith  c o lo r  f i lm ,  and one with b lack  
and w h ite .  The backs were a p p ro p r ia te ly  marked to .a v o id  confusion . 
By u s in g  th e se  two backs, a l l  the photographs o f  one s c a le  cound 
be exposed w ith  no lo s s  o f  time caused by camera re lo a d in g .  Then 
w hile  th e  a i r c r a f t  descended to  a new a l t i t u d e  f o r  th e  nex t s c a le ,  
th e  backs were re lo ad ed . A 35mm L eica, w ith  a 50mm le n s ,  was 
a l s o  used in  th e  f i r s t  f l i g h t  to  t e s t  f a l s e  c o lo r  in f r a r e d  f i lm .  
Since t h i s  f i lm  type was d e le t e d ,  in  the  fo llow ing  f l i g h t s ,  the  
camera was no t  used again .
FLIGHT PROCEDURES 
Upon a r r i v in g  a t  the  t a r g e t  a re a ,  th e  land marks to  be used
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Photograph 7. Camera Operation in the A ircraft.
- 3 1 -
f o r  o r ie n t in g  th e  a i r c r a f t  were in d ic a te d  to  th e  p i l o t ,  and he 
would proceed to  make a number o f p r a c t i c e  runs  down the  f l i g h t  
l in e  to  f a m i l i a r i z e  h im se lf  w ith  the  s t r i p .  At t h i s  time he 
would no te  any c rab  c o r r e c t io n  necessa ry  to  m ain ta in  the  c o r r e c t  
head ing . During th e se  p r a c t i c e  ru n s ,  th e  n a v ig a to r  was to  p ick  
out s u i t a b l e  land marks a t  r i g h t  ang les  to  th e  f l i g h t  l i n e  th a t  
would be used to  s t a r t  th e  photography a t  the  p roper tim e. The 
pho tog rapher,  a t  t h i s  tim e , would take  l i g h t  re ad in g s  ac ro ss  the  
a rea  to  be photographed, to  determ ine the p roper lens  opening and 
s h u t t e r  speed. The l i g h t  read ing  was then recorded  in  th e  f l i g h t  
p lan  form, and th e  corresponding  camera s e t t i n g s  fo r  each f i lm -  
f i l t e r  combination were in d ic a te d .
As the  a i r p la n e  approached th e  ground a rea  to  be photographed, 
th e  n a v ig a to r  a l e r t e d  th e  pho tographer,  and began a slow countdown. 
At t h i s  t im e , the  photographer checked to  see t h a t  h i s  equipment 
was in complete r e a d in e s s ,  and preceded to  le v e l  th e  camera and 
a d ju s t  fo r  any crab  as in d ic a te d  by the  p i l o t .  The f i r s t  nega­
t i v e  was exposed on th e  number one o f  th e  countdown. This was 
done to  avoid confusion  during  the  a c tu a l  p ic tu r e  ta k in g .  The 
time i n t e r v a l s  were so sh o r t  th a t  any h e s i t a t i o n  r e s u l t e d  in  
r e f ly in g  the  s t r i p .  This way, th e  n a v ig a to r  found i t  easy to  say 
th e  number two f o r  th e  second exposure, r a t h e r  than  the  number one 
which would n a t u r a l l y  fo llow  a zero count down. The photographer 
con tinued  ta k in g  p i c tu r e s  on the  cue o f  th e  n a v ig a to r  u n t i l  the
-32-
r e q u i re d  number o f  exposures was reached .
SCALE SEQUENCE
To o b ta in  th e  fou r pho tograph ic  s c a le s ,  i t  was n ece ssa ry  to  
f l y  a t  fou r  d i f f e r e n t  a l t i t u d e s .  To save tim e, i t  was decided  
to  s t a r t  a t  th e  h ig h e s t  a l t i t u d e  and work doivn. This  p rocedure  
served  a second purpose. P rev ious i n v e s t i g a to r s  u s ing  a i r c r a f t  
f o r  game surveys found t h a t  the  animals ran  from a low f ly in g  
p lan e  ( T i l l  1956; Brown 1955; Owens 1962; and Anon. 1946). I t  
was though t t h a t  the  con tinuous  o v e r - f l i g h t s  a t  h igh  a l t i t u d e s  
might allow  th e  anim als to  become somewhat accustomed to  the  
a i r p l a n e ,  and be l e s s  l i k e l y  to  b o l t  during th e  more c r i t i c a l  
low a l t i t u d e  f l i g h t s .
PHOTOGRAPHIC FLIGHTS
The f i r s t  f l i g h t  was made on February  4, 1969, under e x c e l le n t  
w eather c o n d i t io n s .  However, because o f th e  in ex p er ien ce  o f  the  
pho tog raph ic  crew, ve ry  l i t t l e  coverage of the  a c tu a l  t a r g e t  a re a  
was o b ta in e d .  An exam ination o f  th e  photographs d id  in d ic a te  
t h a t  th e  exposure and tim e in t e r v a l  had been c o r r e c t .  Animals were 
imaged on some o f  the  pho tog raphs , but th e se  images were no t  ve ry  
sh a rp ,  p robab ly  due to  th e  type o f  f i lm  used in  th e  t e s t .  I t  
was decided  to  t r y  a f i n e r  g ra in ed  f i lm  (Panatomic-X) fo r  the  
b lack  and white  photographs in an a ttem pt to  in c re a se  the  r e s o -
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l u t io n .  I t  was a ls o  decided  to  go from a n e g a t iv e  to  a r e v e r s a l  
c o lo r  f i lm  ( t r a n s p a re n c y ) , to  remove th e  lo s s  o f r e s o lu t io n  r e ­
s u l t i n g  from th e  c o lo r  p r in t i n g  p ro c e ss .
The second f l i g h t ,  on March 2, 1969, w ith  a snow background, 
and th e  t h i r d  f l i g h t  on May%5, 1969, w ith a green g ra s s  background, 
were flown w ithou t in c id e n t .  The experience  gained  from th e  f i r s t  
f l i g h t  enabled th e  crew to  o b ta in  e x c e l le n t  coverage o f  th e  t a r g e t  
a re a .  The images were very  sharp , and i t  was f e l t  t h a t  i t  would be 
d i f f i c u l t  to  improve upon the r e s o lu t io n  o f  the  system.
PRINT SCALE
Because o f  th e  r a t h e r  small form at s i z e ,  i t  was decided  to  
e n la rg e  th e  b lack  and white  p r i n t s  by a f a c t o r  o f  two. This would 
e f f e c t i v e l y  en la rg e  th e  image s i z e ,  w ithout much lo s s  o f  d e t a i l .  
C onsequently , th e  n e g a t iv e s  t h a t  were exposed a t  a s c a le  o f  1 :1 0 ,000 , 
were e n la rg ed  so t h a t  the  f i n a l  p r i n t  was a t  a s c a le  o f  1 :5 ,000 .
Some r e s o lu t io n  i s  l o s t  in  t h i s  enlargem ent p ro c e ss ,  but most of 
t h i s  lo s s  i s  compensated f o r  by th e  in c reased  s iz e  o f  th e  image.
SCALE CONSIDERATIONS
Extrem ely la rg e  s c a l e s ,  1:500 and l a r g e r ,  would y ie ld  e x c e l le n t  
i d e n t i f i c a t i o n  in fo rm atio n  because o f  th e  la rg e  s iz e  o f  th e  image o f  
the  anim al. However, such la rg e  s c a le  photos would n o t  be f e a s i b l e  
f o r  a 'number o f  re a so n s .  At th e  low f ly in g  h e ig h t  n e ce ssa ry  fo r
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such la rg e  s c a le s ,  th e re  would be an in c reased  problem w ith  image 
motion in  th e  photographs. The q u a l i ty  of the  photograph i s  a va lu e  
t h a t  r e f e r s ,  in  p a r t ,  to  th e  sharpness of d e t a i l  t h a t  i s  imaged, 
and can be d e te c te d .  In low a l t i t u d e  a e r i a l  photography, one o f  the  
f a c to r s  t h a t  l im i t s  the  sharpness  o f  images, i s  image motion a t  the  
time o f  exposure due to  th e  forward motion o f  the  a i r p la n e .  The 
amount o f  image d isp lacem ent r e s u l t i n g  from forward motion can 
be es t im ated  by th e  form ula: M = VTf/H. IVhere, M i s  th e  image move­
ment in  in c h es ,  V i s  the  v e lo c i ty  in  f e e t  p e r  second (1 m ile  pe r  
hour = 1.467 f e e t  p e r  second), T i s  the  time o f  exposure in s e c ­
onds, f  i s  th e  fo c a l  le n g th  o f  the  camera in  in ch es ,  and H i s  the  
h e ig h t  o f  th e  a i r c r a f t  above datum in  f e e t  (Spurr 1960) . For 
example, photographs taken  w ith  a 12 -inch  len s  a t  15,840 f e e t  above 
th e  ground, w ith  th e  a i rp la n e  f ly in g  a t  140 m ile s  per hour, and 
an exposure speed o f  1/150 second, would have image movement due to  
forward motion o f  about 0.001 inch. On th e  o th e r  hand, photographs 
taken  w ith  a 6 - in ch  len s  a t  a f ly in g  h e ig h t  o f  500 f e e t ,  w ith  a i r ­
c r a f t  speed a t  90 m ile s  p e r  hour, and exposure time of 1/150 second, 
th e  image motion due to  forward movement, would be 0.011 inch .
T his  amount o f  image motion would r e s u l t  in  s i g n i f i c a n t  b lu r r in g  
o f  the  photograph. To c o n tro l  image motion a t  a s c a le  o f  1 :3 ,0 0 0 ,  
w ith  an COmm le n s ,  and f ly in g  a t  75 mi±es per hour, an exposure speed 
o f  1/500 would be n e ce ssa ry .  Another argument a g a in s t  la rg e  s c a le  
photography i s  t-hat the  number of photographs re q u ire d  to  cover a 
given a re a  in c re a s e s  w ith  th e  square o f  the  in c re a se  in  s c a le  (Spurr
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1960).
At th e  o th e r  extrem e, small s c a le  photography (1 :20 ,000 and 
sm alle r )  would be im p ra c t ic a l  because th e  anim als imaged a t  t h i s
s c a le  would be too  small f o r  i d e n t i f i c a t i o n .  For a e r i a l  photographs
r ' '
to  be u s e f u l  in  censusing  big-game animals i t  i s  n e ce ssa ry  t h a t  th e se  
anim als be re c o g n iza b le  on th e  photographs. To determ ine th e  d e t e c ­
t io n  s i z e ,  and th e  i d e n t i f i a b l e  s iz e  o f an o b je c t  on an a e r i a l  p h o to ­
graph , th e  fo llow ing  form ula i s  used:
Ground d e te c t io n  r e s o lu t i o n  ( in  f e e t )  = D = S/304.8R. Where 
S i s  th e  s c a le  number, o r  th e  number o f  tim es l a r g e r  th e  o b je c t  
on th e  ground i s  than  i t s  image on f i lm ,  and R i s  th e  r e s o lu t i o n  
o f  th e  l e n s - f i l m - f i l t e r - e t c .  com binations in  l i n e  p a i r s  p e r  mm.
The sm a l le s t  seze t h a t  can be recogn ized  = I = 5 8 /3 0 4 .8R 
(S trandberg  1967).
The r e s o lu t io n  o f  a camera system i s  a sum o f  th e  r e c ip r o c a l s  
o f  the  r e s o lu t io n  o f  each o f  th e  components w ith in  the  system, and 
i s  determ ined by th e  form ula:
S l/Rfmage = l /% film  + ^ A le n s  + ^/^m otion ^ /^z
Where z i s  the  t o t a l  number of components (H e lle r  1970).
A camera system w ith  a len s  r e s o lu t i o n  o f  90 l i n e  pairs/mm 
and an image motion r e s o lu t i o n  o f  40 l in e  p a i r s  /mm and a f i lm  
r e s o lu t io n  o f  50 l i n e  pairs/mm would have a t o t a l  r e s o lu t io n  o f  
1/Rpniage “ 1 /50  + 1/90 + 1 /40  = 1 /18 , o r  18 l i n e  pairs/mm.
I t  can be seen , from th e  above form ula, t h a t  every  element 
has an e f f e c t  on reduc ing  the  r e s o lu t i o n  o f  th e  system. The i n t e r -
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a c t io n  o f  a l l  e lem ents u l t im a te ly  r e s u l t s  in  a lower system r e s o lu t io n  
than  th e  low est element in  th e  system (H e lle r  1970).
The low est element in th e  system, used f o r  t h i s  s tudy , was the  
r e s o lu t i o n  l im i t a t i o n s  caused by image motion. The image motion a t  the  
s c a le  o f  1 :10 ,000  computes to  about 45 l i n e  pairs/mm. Combined w ith  th e  
r e s o lu t io n  o f  th e  f i lm  and l e n s ,  the  b e s t  system r e s o lu t io n  t h a t  could 
be expected  would be about 30 l i n e  pairs/mm. Table 5 shows what the  
d e te c ta b le  and i d e n t i f i a b l e  s iz e  would be fo r  t h i s  system a t  a number 
o f  d i f f e r e n t  s c a l e s ,  given a system r e s o lu t io n  of 30 l i n e  pairs/mm.
The big-game an im als ,  lo c a te d  a t  th e  Bison Range, range in  s iz e  
from approx im ate ly  fo u r  f e e t  to  ten  f e e t  long , and from two to  ap ­
p ro x im ate ly  th r e e  f e e t  wide. From Table 5, i t  seems ap p aren t  t h a t
a l l  the  anim als should be d e te c te d  and i d e n t i f i e d  on 1 :3 ,000  and
1 :6 ,000  photography. On th e  1 :10 ,000  photographs, th e  l a r g e r  animals 
should be d e te c te d  and i d e n t i f i e d ,  while  th e  a n te lo p e  may be d e te c te d ,  
bu t  p o s s ib ly  n o t  i d e n t i f i e d .  On th e  1 :15 ,000  photography, the  i d e n t i f i a b l e  
s i z e  approaches e ig h t  f e e t .  T h is  i s  beyond the  l im i t s  o f  any o f  the  
w id ths  o f  th e  an im als ,  bu t n o t  th e  le n g th  o f  th e  l a r g e r  an im als. This  
in d i c a t e s  t h a t  on th e  1 :15 ,000  s c a le  i t  should be p o s s ib le  to  d e te c t  
most o f  th e  an im a ls ,  bu t i d e n t i f i c a t i o n  of them might prove to  be 
d i f f i c u l t .  On s c a le s  sm a l le r  than  1 :15 ,000  th e  i d e n t i f i a b l e  s iz e  i s  
beyond th e  l i m i t s  o f  th e  s iz e  o f th e  anim als in  q u e s t io n ,  and i d e n t i ­
f i c a t i o n  as  such would no t  be p o s s ib le .
I t  i s  c l e a r  t h a t  th e re  should be a lower and an upper l im i t  to
th e  s iz e  o f  s c a le  t h a t  might supply  th e  i d e n t i f i c a t i o n  in fo rm atio n .
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Table 5, D e tec tab le  (D) and I d e n t i f i a b l e  (I )  Size of Ground 
O b jec ts  on A e r ia l  Photographs.
Scale D ( f e e t )  I ( f e e t )
1 :3 ,000  . .33 1.65
1 :6 ,000  .66 3 .30
1:10 ,000 1 ,09  5.45
1;15 ,000  1 ,64 8,20
1:20 ,000  2 ,19 10 ,95
1:25 ,000  2.73 13,65
y
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With th e  small camera system used , i t  was no t  p o s s ib le  to  use an exposure 
in t e r v a l  s h o r t e r  than  fou r  seconds (exposure i n t e r v a l  being the  time 
lap se  between exposu res) .  The manual p rocess  of cocking the  camera, 
l e v e l in g  i t ,  and snapping th e  s h u t t e r ,  consumed t h i s  amount o f tim e. 
In c re a s in g ly  l a r g e r  s c a le s  have in c re a s in g ly  s h o r te r  exposure i n t e r v a l s ,  
and because of t h i s  th e  l a r g e s t  s ca le  th a t  we could conce ivab ly  f l y  w ith 
our exposure i n t e r v a l  l im i t  would be about 1 :5 ,0 0 0 , u n ie s  s p e c ia l  t e c h ­
n iques  (shotgun) were employed.
The s c a le  o f  a photograph i s  o f te n  c a l l e d  a r e p r e s e n ta t iv e  f r a c t i o n ,  
and i s  commonly ab b re v ia te d  as "RF” . This s c a le  i s  equal to  th e  fo c a l  
le n g th  o f  th e  lens  over th e  f ly in g  h e ig h t  above the  datum p la n e ,  o r ,
RF -  f/H . I t  should be c l e a r  from t h i s  form ula, t h a t  numerous combin­
a t io n s  o f  fo c a l  len g th  and f ly in g  h e ig h t  would g ive  the  same s c a le .
For example, a fo c a l  len g th  o f  12 inches and a f ly in g  h e ig h t  o f 20,000 
f e e t  would y ie ld  an RF o f  1 :20 ,000 . S im ila r ly ,  a fo c a l  len g th  o f  6 
in c h es ,  and a f ly in g  h e ig h t  o f 10,000 f e e t  would a ls o  y ie ld  an RF of 
1 :20 ,000 . Other com binations could be found th a t  would a lso  y ie ld  the  
same s c a le  (F igure  3 ) .  There i s  a d i f f e r e n c e  between photographs o f  the  
same s c a le  taken  w ith  d i f f e r e n t  fo c a l  len g th s  and f ly in g  h e ig h ts .  The 
amount o f  r e l i e f  d isp lacem ent v a r i e s  w ith  the  change in  f ly in g  h e ig h t .  
R e l ie f  i s  th e  d i f f e r e n c e  in  e le v a t io n s  o f  o b je c t s  imaged, and t h i s  
change in  e le v a t io n  causes p o r t io n s  o f  the  o b je c t s  to  be d isp la c e d  w ith  
r e s p e c t  to  the  datum p la n e .  "A ll o b je c t s  t h a t  extend above or below 
a s p e c i f i e d  ground datum have t h e i r  pho tographic  images d isp la c e d  to  a 
g r e a t e r  or l e s s e r  e x te n t .  S kyscrapers ,  houses, au tom obiles , t r e e s ,  
g r a s s ,  and even people  a re  a f f e c te d  by t h i s  c h a r a c t e r i s t i c  (F igure  4)
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(Avexy 1968)."  A form ula fo r  r e l i e f  d isp lacem ent can be d e r iv ed  from 
F igure  5 by simple geometry;
d / r  = h/H where: d = the  r e l i e f  d isp lacem ent on th e  photo
r  = the  r a d i a l  d is ta n c e  from the  n a d i r  
(cen te r )  to  th e  top o f  th e  d isp la ce d  
o b je c t .
h = the  d i f f e r e n c e  in e le v a t io n  between the  
d isp laced  p o in t  and th e  datum p lan e .
H = the h e ig h t  of the  a i r c r a f t  above the  
datum p lan e .
I t  can be seen from t h i s  formula t h a t  th e  g r e a te r  th e  f ly in g  h e ig h t  
(H), th e  sm alle r  th e  r e l i e f  d isp lacem ent. Photographs taken  w ith  a 
sh o r t  fo c a l  len g th  lens  w i l l  have g r e a te r  d isp lacem ent due to  r e l i e f  
than photographs o f  th e  same sc a le  taken w ith  a long fo c a l  len g th  le n s .  
This i s  because the  former w i l l  have been taken  from a s h o r te r  f ly in g  
h e ig h t  (F igure  6 ) .  To acc e n tu a te  th e  r e l i e f  d isp lacem ent e f f e c t s  due 
to  changing e le v a t io n s  o f corresponding  ground p o in t s ,  i t  would be n e c e s ­
sa ry  to  f l y  a t  th e  lowest p o s s ib le  f ly in g  h e ig h t  fo r  th e  d e s i r e d  s c a le .  
T h is  would in c re a s e  the  r e l i e f  d isp lacem ent,  and the  apparen t depth  of 
the  t h i r d  dimension in  the  s te re o sc o p ic  model (Spurr 1948).
To i d e n t i f y  an o b je c t  th e  s iz e  of an animal in  a s te re o sc o p ic  model, 
i t  would be d e s i r a b le  to  have the  g r e a t e s t  r e l i e f  d isp lacem ent f e a s i b l e  
on any given s c a le .  The on ly  way to  sh o r ten  th e  f ly in g  h e ig h t ,  th e reb y  
in c re a s in g  the  r e l i e f  d isp lacem en t,  but a t  th e  same time r e t a in in g  the  
d e s i r e d  s c a le ,  i s  to  sho rten  the  fo ca l  len g th  o f  the  camera used . Aer­
i a l  photography i s  g e n e ra l ly  flown with  6 to  12 inch fo c a l  len g th  le n se s .  
However, th e se  le n se s  would no t  g ive the  d e s i r e d  r e l i e f  d isp lacem ent fo r  
animal i d e n t i f i c a t i o n .  Focal len g th s  from one to  th r e e  inches  would 
g ive  much b e t t e r  r e s u l t s .  In t h i s  study fo c a l  len g th s  o f 50mm and 80mm
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a '  b '
ab = RF X AB
RF = 12/20,000 = 3/5000
RF = 1 :20 ,000
H = 20,000 f e e t
H' = 5,000 f e e t
F igure  3. Two com binations o f f ly in g  h e ig h t  and fo c a l  len g th  
t h a t  y ie ld  th e  same s c a le .
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b c ' c P a ' a
F igure  4. R e l ie f  D isplacem ent. In a t r u e  v e r t i c a l  photograph, p o in ts  
above datum (A] a re  d isp la ce d  outwards and p o in ts  below datura 
(C) a re  d is p la c e d  inwards, w ith  r e s p e c t  to  p o in ts  on th e  datum 
(A».t - X - B - C»). (Olson 1966)
h/H = UV/UX = ,uv/up = d / r  
T h e re fo re ,
h/H = d / r  and.
rh/H
B U V X A
F igure  S., R e l i e f  d isp lacem ent i s  a fu n c t io n  o f  f ly in g  h e ig h t .  As th e  
f ly in g  h e ig h t  (H) in c re a s e s ,  th e  r e l i e f  d isn lacem ent fd'i
-43.
12 "
H = 10,000 f e e t
H = 5,000 f e e t
F igure  6. E f f e c t  o f  f ly in g  h e ig h t  and fo c a l  len g th  upon 
r e l i e f  d isp lacem en t.
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(1 inch  = 24.6 mm), were used because they  were r e a d i ly  a v a i l a b l e ,  and 
because they  would a c c e n tu a te  th e  e f f e c t  o f d isp lacem ent due to  r e l i e f .  
Using th e se  le n s e s ,  s c a le s  o f  1 :3 ,0 0 0 , 1 :6 ,0 0 0 , 1 :1 0 ,0 0 0 , 1 :15 ,000  and 
1 :20,000 were flovm .
FILTERS
L i t t l e  in fo rm ation  i s  known about the  su r fa c e  r e f l e c t i o n  p r o p e r t i e s  
oa an im als. T he re fo re  i s  was d i f f i c u l t  to  p r o j e c t  the  e f f e c t  d i f f e r e n t  
f i l t e r s  might have on the  d e te c t io n  of th e  anim als in  the  photographs. 
Without t h i s  in fo rm atio n ,  broad band photography was conside red  to  be 
th e  b e s t  fo r  the  purpose. F i l t e r s  th a t  a re  designed to  e l im in a te  the  
e f f e c t  o f  a tm ospheric  haze were used (T iffen  Haze 1 w ith  Panchrom atic , 
and T i f fe n  UV 1 with Ektachrome).
FILM
G ra n u la r i ty  o f  p h o tog raph ic  emulsions in c re a s e s  d i r e c t l y  w ith 
in c re a se d  f i lm  s e n s i t i v i t y  o r  speed; h igh -speed  f i lm s  a re  more g ra n u la r  
than  slow-speed f i lm s .  T his  in c reased  g r a n u la r i t y  i s  d i r e c t l y  r e l a t e d  
to  lower r e s o lu t io n  (H e l le r  1970). I t  was o r i g i n a l l y  thought t h a t  by 
u s ing  a r e l a t i v e l y  f a s t  f i lm ,  the  lo s s  in  r e s o l u t i o n ,  due to  the  g ra n ­
u l a r i t y ,  would be compensated fo r  by re d u c t io n  in  image motion r e s u l t i n g  
from f a s t e r  s h u t t e r  speeds . Kodak Plus-X b lack  and white  f i lm  w ith  an 
ASA o f  125 was chosen fo r  th e  o r ig i n a l  f l i g h t .  Kodacolor was used fo r  
th e  c o lo r  photography p r im a r i ly  because th e  f i n a l  p roduct i s  a p r i n t  
t h a t  can be viewed by conv en tio n a l s te r e o s c o p ic  te ch n iq u es .  I t  was 
a l s o  decided  to  use f a l s e  c o lo r  in f r a r e d  f i lm  to  see i f  t h a t  p a r t i c u l a r
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f i lm  might supply in fo rm ation  no t o b ta in a b le  w ith  th e  o th e r  f i lm s .
The r e s u l t s  ob ta ined  w ith  th e se  f i lm s was no t  s a t i s f a c t o r y ,  and i t  was 
decided  to  use f i n e r  g ra in ed  ty p es .  Kodak Panatomic-X was s u b s t i t u t e d  
f o r  P lus-X , and Ektachrome-X was s u b s t i t u t e d  fo r  Kodacolor.
WEATHER
To o b ta in  h igh  r e s o lu t io n  photographs, w ith  the  equipment a v a i l a b l e ,  
i t  i s  n e ce ssa ry  to  f l y  under r a th e r  s p e c i f i c  weather c o n d i t io n s .  The 
sky should be c l e a r ,  w ith  no lo c a l  cloud fo rm atio n s .  The re d u c t io n  in  
th e  a v a i l a b le  l i g h t  caused by an o v e rcas t  co n d i t io n  would tend  to  reduce 
th e  c o n t r a s t  n ece s sa ry  fo r  animal i d e n t i f i c a t i o n .  V a r iab le  c lo u d in e ss  
i s  a ve ry  poor c o n d i t io n ,  because the  shadows c a s t  by the  clouds w i l l  
obscure  d e t a i l  on the  ground. The r e l a t i v e  hum idity  should be q u i te  
low. High hum idity  in  th e  a i r  w i l l  cause an excess s c a t t e r in g  of l i g h t ,  
p a r t i c u l a r y  in  the  b lue reg io n  o f th e  l i g h t  spectrum. This s c a t t e r in g  
o f  l i g h t  reduces  th e  o v e r a l l  r e s o lu t io n  o f  the  photographs.
The f ly in g  should be done when th e re  i s  l i t t l e  or no wind tu rb u len c e .  
Excess tu rb u len c e  w i l l  cause v ib r a t io n  and sudden j o l t s  in  the  a i r c r a f t ,  
a f f e c t i n g  th e  image q u a l i t y  o f  the  photographs.
A e r ia l  pho tographs, consequen tly , can only  be taken  a few days in  
any one month. The number o f  good a e r i a l  pho tographic  days v a r i e s  w ith  
th e  l o c a t io n ,  and the season. In the  Rocky Mountain re g io n ,  the  b e s t  
time f o r  tak in g  a e r i a l  photographs i s  from J u ly  through O ctober, w ith  
about seven photographic  days a v a i l a b le  each month. January  through 
May a re  th e  w orst p e r io d s ,  w ith  zero to  f iv e  days a v a i l a b le  each month 
(Spurr 1960, and Cravat 1968).
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SEASON
Ariimals could be photographed a t  any time of y e a r ,  bu t c e r t a i n  
seasons would be more d e s i r a b le  than o th e r s .  Two f a c to r s  o f  c o n s id e ra b le  
importance e n te r  in to  the  s e le c t io n  o f  the  optimum time o f  year to  f l y  
the  photography; f i r s t ,  th e  changing tones  of the  v e g e ta t io n  through 
the  y e a r ,  and second, the  h a b i t s  of the  an im als. At c e r t a in  tim es of 
the  y e a r ,  p a r t i c u l a r l y  in  th e  l a t e  summer, th e  tone of th e  lower vege­
t a t i o n  approaches t h a t  o f  th e  anim als them selves . -This i s  caused by 
the  d ry ing  o f  the  v e g e ta t iv e  p a r t s  o f  th e  p la n t s .  At t h i s  time i t  
would be d i f f i c u l t  to  d e te c t  an animal s tand ing  on open ground. In the  
e a r ly  sp r in g ,  the  lower v e g e ta t io n  i s  q u i te  g reen , and th e re  should be 
good to n a l  c o n t r a s t  between the  animal and i t s  background. The b e s t  
p e r io d  fo r  o b ta in in g  c o n t r a s t  between th e  animal and i t s  background 
would be in  th e  w in te r  when th e re  i s  a snow cover on th e  ground.
Throughout much of th e  y e a r ,  most big-game anim als a re  found i n ­
d iv id u a l ly ,  o r  in  small g roups. Thus, lo c a t in g  the  anim als on the  
photography would be a major problem t h a t  would have to  be solved b e fo re  
any i d e n t i f i c a t i o n  was a ttem pted . However, du ring  the  w in te r  months, 
some big-game animals congregate  in  la rg e  groups in  w in te r in g  a re a s .
At t h i s  t im e , th e  m a jo r i ty  o f  th e  anim als o f  any one sp ec ie s  would be 
in  a r e l a t i v e l y  l im i te d  a r e a ,  making lo c a t io n  l e s s  o f  a problem.
I t  would seem t h a t  th e  w in te r ,  when th e re  i s  a snow cover on th e  
ground, would be th e  b e s t  time to  a ttem p t a v e r t i c a l  a e r i a l  pho tograph ic  
census o f  big-game an im als. There i s ,  however, a number o f  problems 
t h a t  would a f f e c t  th e  i n t e r p r e t a t i o n  o f  th e  an im als . On a b r ig h t  day.
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w ith  a b la n k e t  o f  snow on th e  ground, the  s h u t t e r  speed would have to  
be f a s t  to  p rev en t  overexposure  o f  th e  n e g a t iv e .  Because the  anim als 
a re  r a t h e r  dark  toned compared to  the  snow, they  would be underexposed. 
T his  would r e s u l t  in  a lo s s  of to n a l  d e t a i l  a c ro ss  th e  body o f  the  
animal i t s e l f .
One f a c to r  t h a t  might compensate f o r  th e  lo s s  o f  to n a l  in fo rm a tio n , 
would be an in c re a s e  in  th e  amount of shadow d e t a i l  v i s i b l e  on the  snow 
cover. On bare  ground, th e  small shadows o f  th e  anim als would be broken 
up by the  v e g e ta t io n  on th e  ground, and by th e  unevenness o f  th e  su rface  
i t s e l f .  With a b la n k e t  of snow, one could expect sh a rp e r  edge g ra d ie n t  
between th e  shadow, and th e  open snow, because of th e  r e l a t i v e  smoothness 
o f  th e  snow s u r f a c e ,  and because o f  a h ig h e r  c o n t r a s t  r a t i o n .  This 
would c r e a te  sh a rp er  shadows. During th e  w in te r  months, th e  sun angle  
i s  q u i te  low, even a t  s o l a r  noon. Because of t h i s  low sun an g le ,  th e  
anim als would c a s t  r a t h e r  long shadows during  th e  photo p e r io d ,  and i f  
th e se  shadows were d i s t i n c t i v e  in  form, they  would be a c o n s id e ra b le  
a id  in  i n t e r p r e t a t i o n .  The long shadows c a s t  by o th e r  o b je c t s  could 
a l s o  p re s e n t  a problem, by obscuring  im portan t d e t a i l .
As a r e s u l t  o f  the  p reced ing  e v a lu a t io n ,  the  w in te r  and sp rin g  
p e r io d s  were s e le c te d  f o r  s tudy , reco g n iz in g  th a t  any season has c h a r ­
a c t e r i s t i c s  a f f e c t in g  th e  pho tograph ic  m ission  and th e  p o t e n t i a l  fo r  
d e te c t in g  big-game an im als .
CHAI^TER I I I  
RESULTS 
F l ig h t  One
The coverage o f  the  s tu d y  a rea  o b ta in ed  in  the f i r s t  f l i g h t  was n o t  
adequate to f u l l y  e v a lu a te  the v a rious  f i l n i - f i l t e r - s c a l e  com binations. 
However, some o f  the  animals were imaged on s in g le  pho tog raphs , and 
although s te r e o s c o p ic  e v a lu a t io n  was n o t  p o s s ib le ,  monocular s tudy  was. 
Tone p a t t e r n s ,  which shou ld  be v i s i b l e  on the  p h o tog raphs , were n o t  
e v id e n t  on any o f  the  animals imaged. Also, the  o u t l in e s  o f  the animals 
imaged were n o t  s h a rp ,  making i d e n t i f i c a t i o n  d i f f i c u l t .  Because o f  t h i s ,  
some animals were no t  i d e n t i f i e d ,  and some inan im ate  o b je c t s  were in c o r ­
r e c t l y  i d e n t i f i e d  as an im als .
This d i f f i c u l t y  i s  ev id en t  in  Photograph 8. The dark o b je c t  
(arrow) i s  a long-horn  s t e e r ,  b u t  the image would alm ost appear to be 
a small t r e e  o r  o th e r  o b je c t  w ith  a s h o r t  shadow. Photograph 8 a lso  
shows th re e  b iso n  n e a r  a fe ed e r .  Two o f  the  animals are  v i s i b l e  to  the 
sou th  and west s id e s  o f  the fe e d e r ,  b u t  the t h i r d  i s  almost com pletely  
obscured by th e  shadow o f  the  fee d e r .  The two animals t h a t  a re  ev id en t  
are  ex trem ely  d i f f i c u l t  to  i d e n t i f y .  M ag n if ica t io n  re v e a ls  some body 
conform ations t h a t  might in d ic a te  th a t  the  o b je c t s  a re  an im als ,  and the  
shadow c as t  by the  o b je c t  to the  west o f  the  fe e d e r ,  would he lp  to  
support  t h i s  s u p p o s i t io n .  However, th e  images a re  n o t  very c l e a r ,  and 
to n a l  v a r i a t io n s  a re  n o t  v i s i b l e ,  thus making i t  ex trem ely  d i f f i c u l t  to 
p o s i t i v e l y  id e n t i f y ,  th e se  o b je c t s  as an im als. Photograph 9 shows f iv e
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Photograph. 8. F l ig h t  1 - 1:10,000 Black and White Photograph o f  Bison, 
and Longhorn S te e r .
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ë lk  ly in g  n e a r  a f e e d e r .  In t h i s  la rg e  s c a le  (1 :3 ,000) c o lo r  pho tograph, 
th e  f a c t  t h a t  th e se  o b je c t s  a re  p robab ly  anim als i s  supported  by the  
c o lo r  o f  th e  o b je c t s .  A lso , a darkening  o f  th e  tone can be seen near  
the  neck re g io n  on some o f  th e  o b je c t s .  The o b je c t  to  th e  n o r th  o f  the  
fe e d e r  c a s t s  a shadow which sugges ts  a r a t h e r  long neck, and in  some o f  
th e  an im a ls ,  th e  head can be seen . With p ro p e r  e v a lu a t io n ,  th e se  o b je c t s  
can be i d e n t i f i e d  as an im als ,  and c l a s s i f i e d  as e lk .  However, no te  t h a t  
th e  images a re  no t very  sharp . There i s  a lack  o f  any r e a l  d e t a i l  in  
th e  images, p a r t i c u l a r l y  in  the  head re g io n .  This i s  th e  l a r g e s t  s c a le
used in  th e  s tu d y ,  and th e  s c a le  t h a t  should allow  the  b e s t  i d e n t i f i c a ­
t i o n .  However, i d e n t i f i c a t i o n ,  on a monocular b a s i s ,  i s  s t i l l  an e x a c t ­
ing  ta s k .  I t  was because o f  t h i s  poor r e s o lu t i o n  t h a t  we decided  to  
use a f i n e r  g ra in ed  f i lm  fo r  the  b lack  and w hite  pho tographs , and a 
t ra n sp a ren c y  f i lm  type f o r  th e  c o lo r .
The f a l s e  c o lo r  in f r a r e d  f i lm  d id  no t produce r e s u l t s  t h a t  were 
in  any way s u p e r io r  to  th e  b a lck  and white  o r  c o lo r  f i lm s .  In f a c t ,  
th e  r e s u l t s  o b ta in ed  w ith  t h i s  f i lm  were not as good as the  r e s u l t s  
from th e  o th e r  two f i lm s .  Animals were imaged in  th e  photograph , b u t  
th e  images o f  th e se  animals were no t c l e a r .  A lso, th e  tone o f  th e
animals was th e  same as th e  tone  o f  any o th e r  dark o b je c t ,  making lo c a ­
t i o n  and i d e n t i f i c a t i o n  o f  animals a d i f f i c u l t  t a s k .  Because o f  th e  
r e s u l t s  o b ta in ed  w ith  t h i s  f i lm  ty p e ,  and because t h i s  p a r t i c u l a r  f i lm  
was a v a i l a b le  only  in  l im i te d  q u a n t i t i e s ,  we decided  to  d is c o n t in u e  
ex p e r im en ta t io n  w ith  i t .  T h is ,  however, i s  a comparison o f  th e  broad 
s p e c t r a l  s e n s i t i v i t y  o f  panchrom atic , c o lo r  and f a l s e  c o lo r  f i lm s .  I t
51 -
■I l
Photograph 9, F lig h t  1 - 1:3,000 Color Photograph o f  Elk. (Black and 
\'/hi te  Repro duct ionJ
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does n o t  mean th a t  a comparison o f  m u lt ip le  bands would be n e g a t iv e .
F l ig h t  Two
The coverage o b ta in e d  in  t h i s  f l i g h t  allowed f o r  s te r e o s c o p ic  s tudy  
o f  th e  e n t i r e  e x h ib i t io n  p a s tu r e  a re a  w ith  a l l  s c a le s  excep t 1 :3 ,000 .
The 1 :3 ,000  shotgun techn ique  d id  p rov ide  some l im i te d  s te r e o s c o p ic  
coverage , which was s u f f i c i e n t  to  e v a lu a te  th e  s c a le  in  terms o f  animal 
i d e n t i f i c a t i o n .  Panatomic-X and Ektachrome-X were used in  t h i s  f l i g h t ,  
and the  r e s u l t i n g  images were q u i te  sharp . Vlith th e se  f i lm  ty p e s ,  we 
p ro b ab ly  o b ta in ed  n e a r  optimum r e s o lu t io n  f o r  the  system . The fo llow ing  
o u t l i n e s  th e  i n t e r p r e t a t i o n  o f  the  v ar ious  f i lm - s c a le  com binations.
1 :15,000 
Black and White
Botli b iso n  and e lk  are  imaged in  the 1:15,000 photography (S te re o ­
gram 1 ) ,  b u t  they  cannot r e a d i ly  be i d e n t i f i e d .  The b is o n  in  Stereogram 
1 ( p o s i t io n  1) appear to  be j u s t  dark o b je c t s ,  w ith  no r e l i e f  apparen t 
on one, and l i t t l e  r e l i e f  apparen t on th e  o th e r .  No tone d i f f e r e n t i a t i o n  
i s  v i s i b l e  on e i t h e r  animal. Measurement o f  the  images re v e a ls  t h a t  
th e  o b je c t s  a re  about 9 .4  f e e t  long and 3.0 f e e t  wide. This i s  the  only 
c h a r a c t e r i s t i c  t h a t  would sugges t  t h a t  the  o b je c t s  a re  anim als.
There are f iv e  o b je c t s  imaged n e a r  the  fe e d e r  a t  p o s i t i o n  2 on 
S tereogram  1, fo u r  o f  them q u i te  n e a r  the  fe e d e r ,  and the  f i f t h  about 
30 f e e t  to  the  n o r th .  Each o f  th e se  o b je c ts  has apparen t r e l i e f ,  p a r ­
t i c u l a r l y  th e  one f a r t h e s t  to the  n o r th .  Tfie shadows o f  the  o b je c t s  are  
d is p la c e d  away from the o b j e c t s ,  i n d ic a t in g  th a t  the  main body o f  the
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Photograph 10. Flight 2 - 1:15,000 Color Photograph o f  Elk. (Black and
White Reproduction)
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HORIZONTAL VIEW VERTICAL VIEW
HORIZONTAL VIEW VERTICAL VIEW
F igure  7. Shadow Displacement V a r ia t io n  Between Bison and Elk.
The e lk ,  having longer legs  than  th e  b iso n ,  has the  
lower p a r t  o f  i t s  shadow d isp la ce d  f u r t h e r  from the  
body than  does th e  b iso n .
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o b je c t  i s  w ell above the  s u r fa c e  o f  the ground ( I f  the  base  o f  the  o b je c t  
ex tended to  the  ground, th e  shadow would appear to beg in  r i g h t  a t  the 
o b je c t ,  r a t h e r  than  b e ing  d is p la c e d  from i t  (F igure  7 ) ) .  The shadow o f  
th e  o b je c t  f a r t h e s t  to  the n o r th  in d ic a te s  t h a t  the  main body o f  the 
o b je c t  i s  b a s i c a l l y  oblong in  shape. Measurement o f  the  o b je c t s  re v e a ls  
th a t  they  average about 8 f e e t  long , and 2 .25 f e e t  wide. C areful s tudy  
o f  th e  o b je c t s  n e a r  th e  fe e d e r  w i l l  re v e a l  th a t  some movement has oc­
cu rre d  between exp o su res , su g g es t in g  th a t  the  o b je c t s  a re  n o t  inan im ate . 
A f te r  p ro p e r  e v a lu a t io n ,  one could conclude t h a t  these  o b je c t s  are  a n i ­
m als, because they  a re  o f  a r a t h e r  la rg e  s i z e ,  a re  e le v a te d ,  and have 
moved between exposures . However, i d e n t i f i c a t i o n  to  s p e c ie s  would be 
- d i f f i c u l t  on th e se  p a r t i c u l a r  pho tographs.
Color :
All the  c o lo r  t r a n s p a r e n c ie s  were viewed w ith  a m ir ro r  s te re o sc o p e ,  
which was p o s i t io n e d  on a l i g h t  t a b l e ,  thus i l lu m in a t in g  the s l i d e s  from 
below. Tlie g r e a te s t  d e t a i l  was apparen t when the  s te reo sco p e  was ad­
ju s te d  f o r  7 power m a g n if ic a t io n .
Only two b iso n  were v i s i b l e  in  the  1:15,000 c o lo r  photography.
The t h i r d  was h idden  by the  shadow o f  the  fe e d e r .  Here, as in  the  b lack  
and w hite  f i lm , one o f  the  v i s i b l e  b iso n  showed no r e l i e f ,  and the o th e r  
only  a l i t t l e .  There was a s u b t le  su g g es t io n  o f  tone v a r i a t i o n  a t  th e
head re g io n  on the l a r g e r  o f  the  two o b je c t s ,  a lthough  the e x ac t  o u t l in e
o f  the  head and sh o u ld e r  reg io n  was n o t  c l e a r .  I t  would be d i f f i c u l t  to  
i d e n t i f y  th e se  o b je c t s  as animals because o f  the  lack  o f  v i s u a l  c lu e s .
There are  f iv e  e lk  v i s i b l e  in  the  1:15,000 c o lo r  photograph (Photo-
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graph, 1 0 )  ̂ There i s  no apparen t tone d i f f e r e n t i a t i o n  in  any o f  the 
b o d ie s .  The s in g le  animal to  the  n o r th  i s  s ta n d in g ;  i t s  shadow i s  w ell 
d is p la c e d  away from the body, and the  shadows o f  the  leg s  can be seen 
jo in in g  th e  body. Tlie animal i s  s tan d in g  a t  r i g h t  angles  to th e  angle 
o f  the  sun , p roducing  a good p r o f i l e  o f  the animal i n  the  shadow c a s t .  
The o th e r  animals appear to  be w alking towards the fe e d e r .  They are  
fa c in g  d i r e c t l y  i n to  the  sun , and a lthough  t h e i r  shadows are  d is p la c e d ,  
no c l e a r  body o u t l in e  can be d isce rn e d .  There appeared to  be some move­
ment among the group, in d ic a te d  by the  s l i g h t l y  d i f f e r e n t  p o s i t io n s  o f  
some o f  the  o b je c t s  from one exposure to  the n e x t .  These o b je c t s  could 
be i d e n t i f i e d  as animals because  o f  t h e i r  s i z e ,  r e l i e f ,  shadow ch a rac ­
t e r i s t i c s ,  and movement, b u t  i t  would no t  be p o s s ib le  to i d e n t i f y  them 
as e lk .
1 :10,000
Black and White :
Three b iso n  are  v i s i b l e  in  Stereogram 2. The two a d u l t  animals 
have d e f i n i t e  r e l i e f  d isp lacem ent v i s i b l e ,  w hile  the  t h i r d ,  a c a l f ,  
appears  to  have on ly  s l i g h t  r e l i e f  d isp lacem ent. There i s  a d i s t i n c t  
movement in  the  head re g io n ,  from one exposure to the n e x t ,  o f  the a n i ­
mal f a r t h e s t  to the  n o r th .  The wide head o f  the  a d u l t  c lo s e s t  to  the  
f e e d e r  can be d is c e rn e d ,  and i t  appears to  be d a rk e r  in  tone than the  
r e s t  o f  the  body. There i s  l i t t l e  d isp lacem ent o f  the  shadow from the 
b od ies  o f  th e  an im als , i n d i c a t i n g  th a t  the  animals have r a t h e r  s h o r t  
l e g s .  The shadow c a s t  by the  a d u l t  c lo s e s t  to  the  fe e d e r  c l e a r ly  o u t ­
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l i n e s  the  sh o u ld e r  hump and neck d ep ress io n , as w ell as the g e n t le  s lope  
from the  hump to the h in d q u a r te r  reg ion . Tliis p a r t i c u l a r  animal measures 
10 f e e t  in  le n g th ,  and 2 .5  f e e t  in  w id th . With the  above c lues  e v id e n t ,  
the  two la rg e  o b je c t s  could be i d e n t i f i e d  as an im a ls , and the animal 
c lo s e s t  to  the  fe ed e r  could  be i d e n t i f i e d  as a b iso n .  The o th e r  la rg e  
animal was a lso  i d e n t i f i e d  as a b iso n ,  because o f  i t s  shape and shadow 
c h a r a c t e r i s t i c s  and because o f  i t s  a s s o c ia t io n  w ith  the f i r s t  b is o n .
The sm all o b je c t  might be i d e n t i f i e d  as a c a l f ,  even though i t  does n o t  
p o ssess  enough c h a r a c t e r i s t i c s  to be i d e n t i f i e d  as such by i t s e l f ,  
because  o f  i t s  p ro x im ity  to  the  o th e r  two a d u l t s .  There would be a 
s t ro n g  p o s s i b i l i t y  t h a t  the  c a l f  would no t be i d e n t i f i e d  as an animal 
a t  a l l .
There i s  on ly  one e lk  v i s i b l e  in  Stereogram 3. The o th e r  fo u r  
animals a re  ly in g  down b es id e  th e  fe e d e r ,  and are obscured by i t s  
shadow. The one animal th a t  i s  v i s i b l e  a lso  appears to  be ly in g  down, 
because the shadow c a s t  by i t  i s  q u i te  s h o r t .  There i s  some apparen t 
r e l i e f  v i s i b l e ,  b u t  i t  i s  q u i te  s u b t l e .  At the  west end o f  the  anim al, 
the  shadow o f  the  head can be seen , b u t  i t  would be d i f f i c u l t  to id e n ­
t i f y  i t  as such . There does appear to  be a s l i g h t  widening o f  the  body 
n e a r  th e  rump reg ion  th a t  might sugges t an animal ly in g  down (Large a n i ­
mals g e n e ra l ly  l i e  on the s id e  o f  one h ip ,  r a t h e r  than  g a th e r in g  i t s  
le g s  benea th  the body as a c a t  m ig h t . ) .  The o b je c t  measures 7.5 f e e t  
lo ng , and 2 .5  f e e t  wide. I t  might be p o s s ib le  to  i d e n t i f y  t h i s  o b je c t  
as an an im al, u s in g  the above c lu e s ,  however, i t  would be d i f f i c u l t  to  
i d e n t i f y  i t  as an e lk .
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Color:
In. Stereogram 4, th e re  a re  th re e  b iso n  v i s i b l e .  All th re e  demon­
s t r a t e  e x c e l l e n t  shadow c h a r a c t e r i s t i c s .  The animal to  the  n o r th  has 
moved i t s  head between exp o su res , and because o f  t h i s  movement, the  
body conform ation i s  n o t  r e a d i ly  ap p aren t .  The shadow o f  t h i s  animal 
c l e a r l y  shows the o u t l in e  o f  the  hump re g io n ,  and the animal appears to  
be s ta n d in g  because the  shadow i s  d is p la ce d  s l i g h t l y  from the body. The 
shadow c a s t  by the  c a l f  i s  w ell d isp la c e d  from the body, in d ic a t in g  th a t  
t h i s  animal i s  a lso  s ta n d in g ,  and the o u t l in e  o f  the body, re p re se n te d  
by the  shadow, shows the  g e n t le  curve o f  the back o f  the  undeveloped 
hump. The la rg e  animal n e a r  the  fe e d e r  can be e a s i l y  i d e n t i f i e d .  ITie 
head , hump, and rump o f  t h i s  animal i s  sh a rp ly  o u t l in e d  in  the shadow. 
The tone d i f f e r e n t i a t i o n  from the l i g h t  tan  o f  the  back to the dark 
brown o f  the head can be seen , as can the  w idening o f  the head reg io n . 
The two a d u l t  animals can be i d e n t i f i e d  as b iso n  because o f  body con­
fo rm atio n , shadow shape , movement, head c h a r a c t e r i s t i c s ,  tone and s i z e .  
The c a l f  does n o t  d is p la y  any body o r  tone conform ations , bu t  could be 
i d e n t i f i e d  as a b iso n  c a l f  because o f  the  r a t h e r  d i s t i n c t i v e  shadow, 
and because o f  i t s  a s s o c ia t i o n  w ith  th e  two a d u l t  b iso n .
As in  the  b lack  and w h i te ,  th e re  was only  one e lk  v i s i b l e  on the  
c o lo r  pho tographs. No tone  v a r i a t i o n  could be d isce rn e d  on the animal. 
The image appeared i d e n t i c a l  to  the  image on the b la ck  and w hite  pho to ­
graphs. Some r e l i e f  around th e  head reg io n  was e v id e n t ,  and the 
shadow o f  the head and neck reg io n  was v i s i b l e .  Again, i t  would be 
ve ry  d i f f i c u l t  to  i d e n t i f y  t h i s  o b je c t  as an e lk .
I A *
Stereogram 2. F l ig h t  2 - 1:10,000 Black and White Stereogram o f  Bison.
Stereogram 3. Flight 2 - 1:10,000 Black and White Stereogram o f  Elk.
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The f a c t  t h a t  th e  e lk  were ly in g  down a t  the  time o f  the  1 :10,000 
photography made i t  d i f f i c u l t  to  ev a lu a te  t h i s  s c a le  w ith  r e s p e c t  to  
e lk  i d e n t i f i c a t i o n .  The e x c e l l e n t  images ob ta in ed  o f  th e  b iso n ,  which 
were s ta n d in g ,  su g g es ts  t h a t  t h i s  p a r t i c u l a r  s c a le  might be more u s e fu l  
than  th e  i n t e r p r e t a t i o n s  o f  the  e lk  would su g g es t .
1 :6,000
Black and White:
A ll th r e e  b iso n  a re  v i s i b l e  in  Stereogram 5, The two a d u l t s  a re  
s ta n d in g ,  and th e  c a l f  i s  ly in g  down. The a d u l t  to  the  n o r th - e a s t  o f  
the  fe e d e r  i s  fa c in g  d i r e c t l y  in to  the  sun, and i t s  shadow obscures 
much o f  th e  body o u t l i n e .  The shadow i t s e l f ,  does no t y ie ld  any c lu es  
about th e  c o n f ig u ra t io n  o f  th e  an im a l. The f a c t  t h a t  i t  i s  an animal 
i s  in d ic a te d  by i t s  p o s i t i o n  in  a pathway obv ious ly  c re a te d  by the  move­
ments o f  an im als .  Close o b se rv a t io n  w i l l  re v e a l  t h a t  in d iv id u a l  f o o t ­
p r i n t s  can be seen in  t h i s  and o th e r  pathways n ear  th e  fe e d e r .  The 
la rg e  animal im m ediate ly  to  the  e a s t  o f  th e  fe e d e r  i s  s tan d in g  a t  r i g h t  
ang les  to  th e  ang le  o f  th e  sun. The tone  d i f f e r e n t i a t i o n  between th e  
l i g h t  back, and th e  dark head can be seen , and th e  narrow neck and 
broad head can a ls o  be seen . The shadow o f  t h i s  animal c l e a r l y  o u t l in e s  
th e  body and head r e g i o n s .
The camera ang le  and p o s i t i o n  o f  th e  animal in  r e l a t i o n  to  th e  sun 
appears  to  a f f e c t  th e  amount o f  d e t a i l  t h a t  can be seen on any one a n i ­
mal. In t h i s  c a se ,  th e  animal im m ediately to  th e  e a s t  o f  th e  f e e d e r ,  
can be i d e n t i f i e d  as a b is o n ,  w hile  th e  animal n o r th  and e a s t  o f  the  
fe e d e r  could  on ly  be i d e n t i f i e d  as a la rg e  anim al. This animal would
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Stereogram 4. F l ig h t  2 - 1:10,000 Color Stereogram o f  Bison. (Black and 
White Reproduction)
Stereogram 5. Flight 2 - 1:6,000 Black and White Stereogram o f  Bison.
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p robab ly  be c l a s s i f i e d  c o r r e c t ly  as a bison, because o f  i t s  p ro x im ity  to 
the  o th e r  b iso n .  There i s  some r e l i e f  apparent on the  c a l f  th a t  i s  ly in g  
do\vn, and the  head reg ion  can be seen  to be tu rned  s l i g h t l y  to  the  r i g h t .  
This would probably  be c l a s s i f i e d  as a b is o n ,  because o f  the c h a r a c te r ­
i s t i c  shape o f  an animal ly in g  down, and because o f  i t s  a s s o c ia t io n  
w ith  the  b iso n  nearby .
Stereogram  6 shows one e lk  ly in g  n o r th  o f  the  fe e d e r .  The tone 
d i f f e r e n t i a t i o n  from the l i g h t  back to the  d a rk e r  neck and head reg ion  
can be seen . The an im a l 's  head i s  tu rned  s l i g h t l y  to the r i g h t ,  and in  
the  r i g h t  pho tograph , a f a i n t  image o f  the  a n t l e r s  can be seen . The 
shadow o f  the  a n t l e r s  can be seen ex tend ing  from the shadow of the head, 
b u t  i t  i s  n o t  very  c l e a r ,  and could be e a s i l y  m istaken f o r  a small 
bush o r  o th e r  v e g e ta t io n  on the  ground. The animal measures 6 f e e t  
long  and 3 f e e t  wide. Tfiis animal could  be i d e n t i f i e d  as a b u l l  e lk .
The body s i z e ,  tone c o n f ig u ra t io n ,  s i z e  o f  head and neck shadow, presence  
o f  la rg e  a n t l e r s ,  and p o s i t io n  o f  the head would a l l  lend  converging 
ev idence  to  the  i d e n t i f i c a t i o n .
C olor :
Tlie two a d u l t  b iso n  were hidden by the  shadow o f  the  feed e r  when 
the  1 :6 ,000  c o lo r  photography was tak en . The only v i s i b l e  animal was 
th e  c a l f ,  which was ly in g  down. Some r e l i e f  was e v id e n t  on t h i s  anim al, 
b u t  th e r e  would be l i t t l e  in fo rm a t io n  t h a t  would enab le  an i n t e r p r e t e r  
to  i d e n t i f y  i t  as a b iso n .  I t  does d isp la y  the reco g n izab le  form o f  an 
animal ly in g  down, and i t  i s  lo c a te d  in  the  c e n te r  o f  an animal pathway.. 
Using th e se  c lu e s ,  i t  would be p o s s ib le  to  i d e n t i f y  i t  as an anim al, bu t
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n o t  as a b iso n .
As in  the b lack  and w h ite ,  only  one e lk  i s  v i s i b l e  in  Stereogram 7. 
The ta n  on the back i s  e v id en t  in  t h i s  p h o to - p a i r ,  s to p p in g  a t  the 
sh o u ld e rs .  The animal i s  ly in g  down, and the head appears to angle to  
the r i g h t  about 45 d eg rees . In one photograph , th e re  appears to  be a 
f a i n t  image o f  the a n t l e r s  j u s t  to the  l e f t  o f  the  head. The shape o f  
the  head , ending in  the rounded no se ,  can be seen . The shadow o f  the  
a n t l e r s  and the head and neck reg ion  can be seen q u i te  c l e a r ly .  This 
animal could  be i d e n t i f i e d  as an e lk ,  and p o s s ib le  as a b u l l  e lk .
1:5 ,000
Black and White :
We were unable to  g e t  s te r e o s c o p ic  coverage o f  b ison  a t  the  1 :3 ,000 
s c a le .  The b iso n  were imaged on a s in g le  photograph [Photograph 11), 
b u t  l i t t l e  d e t a i l  i s  apparen t t h a t  would allow c l a s s i f i c a t i o n .  The 
o b je c t s  imaged could  be i d e n t i f i e d  as animals because o f  the  r e l i e f  
apparen t , shadow c h a r a c t e r i s t i c s ,  and because o f  the  p resence  o f  a 
l a rg e  number o f  t r a c k s  w ith in  the a re a .  However, i t  would be d i f f i c u l t  
to  i d e n f i f y  them as b iso n .
The f a c t  t h a t  these  animals could  n o t  be c l a s s i f i e d  to sp ec ie s  a t  
the  la rg e  s c a le  su p p o rts  th e  theory  t h a t  s te r e o s c o p ic  coverage i s  e s ­
s e n t i a l  f o r  i d e n t i f i c a t i o n  o f  animals w ith  v e r t i c a l  a e r i a l  photography.
Stereogram  8 shows the s in g le  e lk  s t i l l  a t  the  same p o s i t i o n  i t  o c ­
cupied  in  the p rev io u s  s c a l e s .  Hie l i g h t  ta n  on the  back i s  e a s i l y  d i s ­
t in g u is h a b le  from the d a rk e r  neck and head re g io n .  Tire animal i s  ly in g  







Stereogram 6. F l ig h t  2 - 1:6,000 Black and White Stereogram o f  Elk.
Stereogram 7. F l ig h t  2 - 1:6000 Color Stereogram of Elk. (Black and 
IVhite Reproduction)
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and the  shadow o f  the  a n t l e r s  are c l e a r ly  v i s i b l e ,  a lthough they  are  no t 
v i s i b l e  on the head. This animal can be i d e n t i f i e d  as a b u l l  e lk  b e ­
cause o f  the  body s iz e  and conform ation, tone v a r i a t i o n ,  head and neck
c h a r a c t e r i s t i c s ,  and the p resence  o f  la rg e  a n t l e r s .
Color:
There i s  s te r e o s c o p ic  coverage o f  the b iso n  fe ed e r  a re a ,  b u t  b e ­
cause o f  th e  r a t h e r  la rg e  time la p s e ,  due to  the  shotgun tech n iq u e , the  
animals themselves had moved beyond the s te r e o s c o p ic  l i m i t .  However, 
the s in g le  images o f  the  animals in  each photograph were e x c e l l e n t .  The
c o lo r  to n e s ,  from the  l i g h t  ta n  on the backs to th e  dark brown o f  the
e n la rg ed  head , a re  very e v id e n t ,  and the shadow c h a r a c t e r i s t i c s  c l e a r ly  
o u t l in e  the  p r o f i l e  o f  the  an im als. In t h i s  case , i t  i s  p o s s ib le  to  
i d e n t i f y  the animals as b iso n  because o f  the  ex ce l le n ce  o f  the pho to ­
graphs (Photograph 12).
The lone b u l l  e lk  a lso  moved somewhat between exposures , r e s u l t i n g  
in  a r a t h e r  poor s te r e o  image. However, the  c o lo r  o f  the animal was 
q u i te  e v id en t  in e i t h e r  photograph, w ith  the  tone v a r i a t i o n  from the 
l i g h t  tan  on the  back to the dark tan  o f  the neck and head reg io n  v i s ­
i b l e .  The shadow o f  the  head and neck i s  q u i te  c l e a r .  The shadow o f  
the  a n t l e r s ,  while  v i s i b l e ,  i s  n o t  as e v id en t  as i t  was on the b lack  
and white  pho tographs , and the a n t l e r s  themselves cannot be d isce rn ed . 
This animal could be i d e n t i f i e d  as a b u l l  e lk  because o f  the  above c lu e s .
Open Range
One r o l l  o f  co lor  f i lm , and one r o l l  o f  black and white film  was
\
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Photograph 11. F l ig h t  2 - 1:3,000 Black and White Photograph o f Bison.
M W  *-
Stereogram 8. F ligh t 2 - 1:3,000 Black and White Stereogram o f  Elk.
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exposed over the  open range w ith  the i n te n t io n  o f  t a r g e t in g  b iso n . This 
s e r i e s  o f  exposures had n o t  been planned p r i o r  to the a c tu a l  f l i g h t ,  
t h e r e f o r e ,  they  re q u ire d  i n f l i g h t  p lann ing . A s c a le  o f  1:15,000 was 
a r b i t r a r i l y  decided  upon.
About te n  b iso n  were lo c a te d  in  bo th  f i lm  ty p es .  The lo c a t io n  was 
p o s s ib le  because the animals were moving, r e s u l t i n g  in  a s l i g h t  change 
in  p o s i t i o n  between exposures . Because o f  grouping and movement, these  
o b je c ts  could be c la s se d  as la rg e  anim als, bu t i t  would no t be p o s s ib le  
to  i d e n t i f y  them as b iso n  (S tereogram  9 ) .
O ther I n t e r p r e t a t i o n s  o f  F l ig h t  Two
Copies o f  b lack  and white  photographs from f l i g h t  two were given 
to  twelve persons  t r a in e d  in  photogrammetry, b u t  u n fa m i l ia r  w ith  t h i s  
p a r t i c u l a r  a p p l ic a t io n  o f  pho tographs. They were ass igned  the  ta sk  o f  
i n t e r p r e t i n g  th e  photographs w ith  r e s p e c t  to  an im als .
The r e s u l t s  o f  the  i n t e r p r e t a t i o n s  by the  group are  given in  Tables 
6 and 7. These r e s u l t s  are  based  on the known number o f  animals v i s i b l e  
i n  each s c a l e ,  and are  p re s e n te d  as p e r  cen t e r r o r  from the known.
Tlie d a ta  shows t h a t  the i n t e r p r e t e r s  were su c c e ss fu l  in  id e n t i f y in g  only 
40 to  45 p e r  cen t  o f  the  animals a t  the s c a le  o f  1 :15 ,000 . The degree 
o f  accuracy  in c re a se d  s i g n i f i c a n t l y  a t  the 1:10,000 s c a l e ,  where 83 to 
85 p e r  cen t o f  the  animals p re s e n t  were c o r r e c t ly  i d e n t i f i e d .  The 
h ig h e s t  accuracy  was ob ta in ed  a t  the s c a le  o f  1 :6 ,0 0 0 , where only  zero 
to  s ix  p e r  cen t  e r r o r  was in c u r re d .
At 1 :6 ,0 0 0 ,  the i n t e r p r e t e r s  in d ic a te d  th a t  they could i d e n t i f y  
the  o u t l i n e  o f  the  in d iv id u a l  an im als, even those t h a t  were ly in g  dovm..
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Photograph 12. F l ig h t  2 - 1:3,000 Color Photograph o f  Bison. (Black and 
White Reproduction)
Stereogram 9. Flight 2 - 1:15,000 Stereogram o f  Bison in Open Range.
Table 6. Compared r e s u l t s  o f  e r r o r s  in  i d e n t i f i c a t i o n  of big-^game animals by 12 i n t e r p r e t e r s .
SCALE 






PERCENT ERROR FOR EACH INTERPRETER 
1 2 3 4 5 6 7 8 9  10 11 12
66 100 33 66 100 66 33 33 66 33 33 100
60 100 40 20 100 20 100 0 60 40 60 60
Average Percen t 




1:10 ,000 Bison 3
Elk 1
1 :6 ,000  Bison 3
Elk 1
17 33 0 0 66 33 33 0 0 0 0 0
50 0 0 50 0 50 0 0 0 50 0 0
0 17 0 0  17 0 33 0 0 0  0 0







AVERAGE NUMBER OF INANIMATE OBJECTS 
INCORRECTLY IDENTIFIED AS ANIMALS
SCALE NUMBER PER INTERPRETER
1:15 ,000  1.2
1 :10,000 1.8
1 :6,000 1 .2
Table 7. Type I I  E r ro r  ( m i s - in te r p r e t a t io n  of inanim ate  
o b j e c t s ) ,  averaged by s c a le .
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All o f  the i n t e r p r e t e r s  in d ic a te d  th a t  they f e l t  t h a t  the s c a le  o f  
1 :6,000 was the e a s i e s t  s c a le  fo r  animal i d e n t i f i c a t i o n  w ith  t h e i r  
ex p e r ien ce .  They a lso  in d ic a te d  t h a t  the s c a le  o f  1:10,000 would be 
q u i te  u se fu l  i f  the  i n t e r p r e t e r  had a background o f  animal i n t e r p r e t a t i o n .
Another source  o f  e r r o r ,  t h a t  could decrease  the  accuracy  in  a 
survey  o f  t h i s  ty p e ,  i s  one o f  id e n t i f y in g  inanim ate  o b je c t s  as an im als . 
Table 7 g ives  the  average number o f  inanim ate  o b je c t s  i n c o r r e c t ly  
i d e n t i f i e d  as animals by th e  twelve i n t e r p r e t e r s .  I t  i s  i n t e r e s t i n g  to  
n o te  t h a t  the  number o f  in c o r r e c t  i d e n t i f i c a t i o n s  i s  g r e a t e s t  a t  the 
s c a le  o f  1 :10 ,000 . A p ro b ab le  reason  fo r  t h i s  i s  t h a t  a t  the 1:15,000 
s c a le  the o b je c ts  a re  q u i te  sm a l l ,  and the i n t e r p r e t e r s  would be r e l u c ­
t a n t  to  base  an i d e n t i f i c a t i o n  on the inadequate  in fo rm ation  p re s e n t .
At the s c a le  o f  1 :6 ,0 0 0 ,  the  o b je c t s  are  la rg e  enough th a t  th e  f e a tu re s  
o f  inanim ate  o b je c t s  a re  more e a s i l y  seen , and a c o r r e c t  i n t e r p r e t a t i o n  
o f  those  inanim ate  o b je c t s  fo l lo w s . However, a t  the  in te rm e d ia te  s c a le  
o f  1 :10 ,000 , n e i t h e r  extreme e x i s t s .  The i n t e r p r e t e r  can see co n s id ­
e ra b le  d e t a i l ,  b u t  many o f  the  id e n t i f y in g  c h a r a c t e r i s t i c s  a re  q u i te  
s u b t l e .  In th e  ac t  o f  c o n ce n tra te d  s tudy  o f  the  image o f  an o b je c t  an 
in ex p e r ien ced  i n t e r p r e t e r  may convince h im se lf  th a t  he can see  animal 
c h a r a c t e r i s t i c s  th a t  do n o t  e x i s t .  Based on t h i s ,  he i s  w i l l i n g  to 
ven tu re  th e  i n t e r p r e t a t i o n  o f  the o b je c t  as an animal. This w i l l in g n e s s  
to  ven tu re  ai. i n t e r p r e t a t i o n  on s u b t le  o r  i n s u f f i c i e n t  c lu es  would 
decrease  w ith  an in c re a s e  in  the  experience  o f  the i n t e r p r e t e r .
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F l ig h t  Three
E x c e l le n t  coverage was o b ta in e d  in  the  sp r in g  f l i g h t .  All o f  the  
p a s tu r e s  were covered , thus a llow ing  fo r  an e v a lu a t io n  o f  each f i lm - s c a le  
combination a t  t h i s  p a r t i c u l a r  season. Because o f  the  poor r e s u l t s  ob­
ta in e d  in  the  f i r s t  two f l i g h t s  w ith  the 1 :3 ,000  shotgun te ch n iq u e ,  
ex p er im en ta t io n  w ith  th a t  s c a le  was d is co n t in u ed .  The fo llow ing  i s  a 
b reak  do ivn o f  the  r e s u l t s  from the f l i g h t  th re e  i n t e r p r e t a t i o n s .
1 :15,000
Black and IVhite;
Twenty b iso n  had been p u t  in to  the  e x h ib i t io n  p a s tu r e  from the main 
h e rd ,  s in ce  the p rev io u s  f l i g h t .  T h e re fo re ,  more t a r g e t s  were a v a i l a b le  
fo r  e v a lu a t io n .
In Stereogram  10, about 12 b iso n  can be seen a t  p o s i t i o n  1. These 
o b je c t s  do n o t  resemble b is o n ,  although in  amumber o f  them, th e re  i s  a 
very  dark tone ev id en t  a t  one end o f  the  o b je c t .  The grouping o f  the 
o b je c t s  may sugges t  a h e rd  type anim al, and the  dark head reg ion  would 
i n d i c a t e  e lk  o r  b iso n .  However, i d e n t i f i c a t i o n  on th e se  c r i t e r i a  alone 
would be q u e s t io n a b le .
At p o s i t i o n  2, th e re  i s  a r a t h e r  dark o b je c t  th a t  has obv ious ly
moved between exposures . The s iz e  o f  t h i s  o b je c t ,  9 by 3 f e e t ,  and the
oblong shape coupled w ith  the  movement between exp o su res , would sugges t 
t h a t  t h i s  i s  a la rg e  anim al. However, due to the lack  of  any o th e r  c lu e s ,
i t  would be d i f f i c u l t  to  i d e n t i f y  i t  as a b iso n .
At p o s i t io n  3, th e re  i s  a lone e lk  imaged. The o th e r  e lk  in  the
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p a s tu r e  were ly in g  down benea th  the  t r e e s  n o r th  and west o f  t h i s  animal. 
The animal appears to  be a l i g h t  toned  o b je c t ,  w ith  no tone d i f f e r e n t i ­
a t io n  or shadow c h a r a c t e r i s t i c s  v i s i b l e .  The on ly  c lue th a t  would i n ­
d ic a te  t h a t  i t  i s  an animal i s  the f a c t  th a t  i t  has moved s l i g h t l y  b e ­
tween exposures . I t  would n o t  be p o s s ib le  to  i d e n t i f y  i t  as an e lk  on 
th ese  photographs.
Color :
The images o f  the  b iso n  could be seen on the  1:15,000 c o lo r  ph o to ­
g raphs , b u t  i t  was no t  p o s s ib le  to  i d e n t i f y  them in  any way. Body con­
form ations  and tone p a t t e r n s  could n o t  be seen  a t  a l l .  No e lk  could 
be seen on th e se  pho tographs .
1 :10,000
Black and Vfliite:
T h ir teen  b is o n  can be seen in  Stereogram 11. The tone v a r i a t i o n  
from the l i g h t  back to the  dark head can be seen  in  most o f  the  an im als.
The narrow neck reg io n  and wide head can be seen  in  some o f  them. These
animals could be i d e n t i f i e d  as b ison  because o f  t h e i r  s i z e ,  body con­
fo rm atio n ,  tone p a t t e r n ,  and grouping.
I t  should  be p o in te d  ou t  th a t  th e re  were a c tu a l ly  21 b iso n  in  t h i s  
group. E igh t o f  the  a d u l ts  were cows th a t  had had ca lv es  w ith in  the  
week p r i o r  to  th e  da te  o f  the  photographs These sm all ca lves  a re  n o t  
a p p aren t  on th ese  pho tographs .
One e lk  was v i s i b l e  on t h i s  photography, bu t  once ag a in ,  i t  appeared 
as a l i g h t  toned o b je c t  w ith  no apparen t c lues  t h a t  would enab le  an in -
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Stereogram 10. F l ig h t  3 - 1:15,000 Black and White Stereogram o f  Bison.
Stereogram 11. Flight 3 - 1:10,000 Black and White Stereogram o f  Bison.
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t e r p r e t e r  to i d e n t i f y  i t  as an animal.
C olor:
The b iso n  imaged in  the 1:10,000 c o lo r  photography, c l e a r ly  showed 
the c o lo r  v a r ia t io n s '  from l i g h t  back to the dark head. Tlie body c o n f ig ­
u r a t i o n s ,  from the sh o u ld ers  to the  narrow neck and wide head were c l e a r ­
l y  seen . The a d u l ts  could be i d e n t i f i e d  from these  c lu e s ,  a lthough the 
young calves  were s t i l l  n o t  v i s i b l e  (Stereogram 12).
The lone e lk  was v i s i b l e  on t h i s  photography, b u t  could n o t  be 
i d e n t i f i e d  as such. I t  appears as a l i g h t  toned o b je c t ,  w ith  some r e l i e f  
a p p a ren t .
1 :6 ,000
Black and IVhite :
The t h i r t e e n  animals imaged in  Stereogram 13 a re  e a s i l y  i d e n t i f i e d  
as b is o n .  The l i g h t  toned backs and dark heads are  very  e v id e n t .  I t  i s  - 
q u i te  easy  to  see the wide head in  c o n t r a s t  to the narrow neck reg io n .
One anim al, on the  n o r th  s id e  o f  the  sm all h e rd ,  c a s t  a shadow th a t  
c l e a r l y  o u t l in e s  th e  body p r o f i l e .  There does appear to be a number o f  
small o b je c t s  n e a r  the  a d u l t s  t h a t  might be the  young c a lv e s ,  b u t  th e re  
i s  no r e a l  ev idence th a t  would in d ic a te  th a t  t h i s  i s  t r u e .
The s in g le  e lk  v i s i b l e  Ion t h i s  s c a le  i s  p a r t i a l l y  h idden by a t r e e .  
The p o r t io n  o f  the  e lk  th a t  i s  v i s i b l e  i s  once again n o t  i d e n t i f i a b l e .
I t  appears  only  as a l i g h t  toned o b je c t ,  p o s s ib ly  a rock , n e a r  the  t r e e .  
Consecutive o v e r f l ig h t s  o f  the  a rea  would in d ic a te  t h a t  t h i s  l i g h t  toned 
o b j e c t  was moving around the p a s tu re  a re a ,  y i e ld in g  evidence th a t  would 
su g g es t  th a t  i t  was an anim al, bu t i d e n t i f i c a t i o n  would no t  be p o s s ib le
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Stereogram 12. F lig h t  3 - 1:10,000 Color Stereogram o f  Bison. (Black 
and White Reproduction)
/
stereogram 13. Flight 3 - Black and White Stereogram o f  Bison.
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on any s in g le  s t e r e o - p a i r .
C olor:
Stereogram  14 shows the  small he rd  o f  b iso n  very  w e l l .  The same 
f e a tu r e s  t h a t  are  v i s i b l e  on the  b lack  and w hite  photography are  v i s i b l e  
h e re .  The la rg e  a d u l t  on the  sou th  s id e  o f  the  herd  i s  ly in g  on i t s  
s i d e ,  and an e x c e l l e n t  p r o f i l e  view o f  the  animal i s  p re s e n t .  The la rg e  
Mark head , hump, deep c h e s t ,  narrow h ip s ,  and even the legs can be seen 
in  t h i s  image. The young ca lves  a re  no t  ev id en t  in  these  pho tographs , 
i n d i c a t in g  t h a t  i t  would re q u i re  even l a r g e r  s c a le s  to  t a r g e t  th e se  
animals when they are  only a few days o ld .
The s in g le  e lk  imaged in  t h i s  photography was n o t  i d e n t i f i a b l e  as 
an e lk .  I t  could be i d e n t i f i e d  as an animal because o f  the  apparen t 
r e l i e f  v i s i b l e ,  and because i t  had moved between exposures . However, 
th e re  i s  a la ck  o f  tone and body c o n f ig u ra t io n s  and no d i s t i n c t  shadow 
c h a r a c t e r i s  t i c s .
Open Range - 1:10,000
Tvfo a d d i t io n a l  s t r i p s  a c ro ss  th e  open range were p lanned fo r  t h i s  
m iss io n .  I t  was p rede term ined  th a t  a s c a le  o f  1:10,000 be used , be ­
cause i t  was p o s s ib le  to  i d e n t i f y  b iso n  a t  t h i s  s c a le  on the photography 
from the  second f l i g h t .
Black and h h i te  :
S ix ty - fo u r  b iso n  were t a l l i e d  on t h i s  s in g le  s t r i p  across  the  open 
range . Many o f  them could be i d e n t i f i e d  j u s t  by the  c h a r a c t e r i s t i c s  
t h a t  the  p a r t i c u l a r  animal e x h ib i te d .  Some o f  them could  only be id e n ­
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t i f i e d  as animals by them selves , bu t  t h e i r  s i z e  and c lo se  p rox im ity  to  
o th e r  b ison  s t ro n g ly  i n d ic a te s  th a t  they too are  b ison  (Stereogram 15).
Another i n t e r e s t i n g  c h a r a c t e r i s t i c  fo r  i d e n t i f y in g  b iso n  i s  e v id en t  
in  Stereogram  15. I t  can be seen th a t  à number o f  b iso n  imaged are 
ly in g  in  small c i r c u l a r  l i g h t  toned a re a s .  These a reas  are  "b u ffa lo  
wallows", and the p resence  o f  an animal ly in g  in  one o f  these  sm all 
a reas  would s t r o n g ly  in d ic a te  t h a t  the  animal was a b iso n .
Color:
About the  same number o f  b ison  (s ix ty -o n e )  were lo c a te d  on the 
c o lo r  f i lm  as were found on the  b lack  and w h ite .  These animals c l e a r ly  
dem onstrated  the l i g h t  tan  c o lo r  o f  the back , and to  some e x te n t ,  the 
dark brown o f  the head (Stereogram  16). The tone v a r i a t i o n  from the  
back to  the  head i s  n o t  as a p p a ren t ,  on the t r a n s p a r e n c ie s ,  as i t  i s  
on the  b lack  and w hite  p r i n t s .  As on the b lack  and white  p r i n t s ,  some 
o f  the animals could  be i d e n t i f i e d  as b iso n  by t h e i r  in d iv id u a l  ch a r­
a c t e r i s t i c s .  O thers could  be i d e n t i f i e d  as la rg e  an im als ,  and sub­
seq u e n t ly  as b iso n  because o f  t h e i r  p resence  among o th e r  b iso n .
• ' AITELGPE
During the e n t i r e  s tu d y ,  th e re  were no p o s i t i v e  an te lope  i d e n t i ­
f i c a t i o n s .  There were fo u r  an te lope  penned n ex t  to  the  b iso n  th rough­
ou t the s tu a y ,  b u t  they  were never  lo c a te d .  lŸlien th e re  was snow on thv. 
ground. Bison Range p e rso n n e l  s c a t t e r e d  hay in  a sm all a rea  w ith in  
th e  an te lope  pen. -Tiie an te lo p e  sp en t  the  m a jo r i ty  o f  t h e i r  time 
ly in g  or s ta n d in g  w i th in  t h i s  hay (Photograph 13). C onsequently , i t
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Stereogram 14. F l ig h t  3 - 1:6,000 Color Stereogram of Bison. 




Stereogram 15. Flight 3 - 1:10,000 Black and White Stereogram o f
Bison in Open Range.
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was im possib le  to  s e p a ra te  th e  images o f  the an te lope  from t h a t  o f  the 
hay.
In the sp r in g  pho tographs , th e re  was a number o f  white  sp o ts  (bare  
s o i l )  over the  e n t i r e  an te lope  p a s tu re  a rea .  Once ag a in ,  i t  was impos­
s ib l e  to  se p a ra te  the  images o f  the an te lope  from these  white  s p o ts .
The on ly  an te lope  th a t  were imaged and i d e n t i f i e d  were on the  
photographs taken o f  the open range in  the sp r in g .  At the s c a le  used 
(1 :1 0 ,0 0 0 ) ,  the an te lope  we re j u s t  small l i g h t  spo ts  on the f i lm . The 
only reason th a t  they were d e te c te d  was because they had moved s l i g h t l y  
between exposures . There was no th in g  e l s e  to  sugges t th a t  they were 
an im als. The o b je c ts  d e te c te d  could have been coyo tes ,  bu t  th a t  i s  
u n l ik e ly .
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Stereogram 16. F l ig h t  3 - 1:10,000 Color Stereogram o f  Bison in  Open 
Range. (Black and White Reproduction)
1 I T  I w 4 ':, —rrr,-,, , ; rr!*
Photograph 13^ Antelope Standing in  S ca tte red  Hay in  E x h ib it io n  
P a s tu re ,  ^
CHAPTER IV
CONCLUSIONS
Under c o n d i t io n s  t h a t  e x i s t e d  a t  th e  Bison Range during  th e  w in te r  
and sp r in g  o f  1969, i t  was found t h a t  c e r t a in  big-game anim als can be 
i d e n t i f i e d  on v a r io u s  f i l m - s c a le  com binations o f  v e r t i c a l  a e r i a l  ph o to ­
graphy. The th r e e  c r i t i c a l  f a c t o r s ,  invo lved  in  t h i s  i d e n t i f i c a t i o n ,  
seem to  be s te r e o s c o p ic  coverage , pho tog raph ic  s c a l e ,  and th e  experience  
o f  th e  i n t e r p r e t e r .
The s te r e o s c o p ic  model a llow s th e  i n t e r p r e t e r  to  see th e  animal in  
a th re e -d im e n s io n a l  view, th u s  a id in g  in  th e  s e p a ra t io n  o f  the  animal 
from inan im ate  o b je c t s .  Without th e  s te r e o s c o p ic  model, animals could 
no t be i d e n t i f i e d  on s in g le  a e r i a l  pho tographs , in  a l l  bu t the  l a r g e s t  
(1 :3 ,000) s c a le .
At th e  s c a le  o f  1 :15 ,000 , th e  inex p er ien ced  i n t e r p r e t e r s  were no t 
ab le  to  i d e n t i f y  animal t a r g e t s  as animals w ith  any degree o f  accuracy . 
Animals which were ly in g  down, o r  s tan d in g  w ithou t movement, were f r e ­
q u en tly  i n t e r p r e t e d  as inan im ate  o b je c t s .  S ub tle  c lu e s ,  such as head 
and body movement were m issed e n t i r e l y .  However, a t  th e  s c a le  o f  
1 :10 ,000 , th e  i n t e r p r e t e r s  were ab le  to  d i s t in g u i s h  between animals and 
inan im ate  o b je c t s  in  most c a se s .  This was done p r im a r i ly  by shadow 
c h a r a c t e r i s t i c s  and o v e r a l l  body conform ation o f  th e  an im als ,  p a r t i c u l a r ­
ly  th o se  t h a t  were s tan d in g  a t  r i g h t  angles  to  th e  sun.
N e i th e r  o f  th e  seasons in v e s t ig a te d  in  t h i s  s tudy  could be co n s id ­
ered  optimum f o r  th e  i d e n t i f i c a t i o n  and censusing  o f  big-game an im als .
The sp r in g  pho tography , w ith  th e  green g ra ss  background, was e x c e l le n t
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f o r  i d e n t i f y in g  b iso n .  The o v e r a l l  exposure o f  t h i s  photography was 
c o r r e c t  f o r  th e  tone o f  t h a t  p a r t i c u l a r  anim al. However, th e  l i g h t  
toned  e lk  were overexposed in  t h i s  photography, r e s u l t i n g  in  l o s t  de ­
t a i l  and no p o s i t i v e  i d e n t i f i c a t i o n s .
O ther d isad v an tag es  to  sp r in g  photography are  th e  d i f f i c u l t y  o f  
see in g  th e  new born an im als ,  r e s u l t i n g  in  an in a c c u ra te  count o f  a l l  
an im als ,  shadow o u t l in e s  broken up (by th e  uneven b a re  ground s i t u a t i o n )  
e f f e c t i v e l y  e l im in a t in g  t h a t  i d e n t i f i c a t i o n  c h a r a c t e r i s t i c ,  and a lo s s  
o f  to n a l  c o n t r a s t  between t a r g e t  and background.
Animals, imaged on photographs taken  during  snow c o n d i t io n s ,  a re  
easy to  lo c a te  due to  the  c o n t r a s t  between th e  snow background and the  
d a rk e r  tone  o f  th e  an im als . In most s c a l e s ,  the  o u t l i n e  o f  th e  an im a l’ s 
body can be d i f f e r e n t i a t e d  from th e  background, and th e  shadow c a s t  by 
the  animal i d e n t i f i e d .  However, much to n a l  d e t a i l  on th e  animal i s  l o s t  
because th e  very  b r ig h t  background n e c e s s i t a t e s  a h igh  s h u t t e r  speed , 
r e s u l t i n g  in  th e  r e l a t i v e l y  dark animals be ing  underexposed.
The s c a le  o f  1 :15,000 may no t be p r a c t i c a l  in  most c a se s .  I t  may 
be u s a b le  only  in  th e  s i t u a t i o n  where th e re  i s  a uniform  background, 
such as snow or i c e ,  and on ly  one big-game sp ec ie s  p r e s e n t .
The b e s t  time to  a ttem p t to  census big-game anim als w ith  v e r t i c a l  
a e r i a l  photography would be in  th e  w in te r  months when th e  animals have 
congregated  in  w in te r in g  a re a s .  Using a p r o j e c t  s c a le  o f  1 :10 ,000 , th e  
m a jo r i ty  o f  th e  animals w ith in  an a re a  could be seen and counted. At 
t h i s  s c a l e ,  a number o f  th e  animals w ith in  th e  a rea  could be i d e n t i f i e d ,  
and th e  rem ain ing  animals i d e n t i f i e d  by a s s o c ia t i o n .  Spot photo runs
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could be made a t  s c a le s  o f  1 :3 ,000  or l a r g e r  to  e s t a b l i s h  sex r a t i o s .
This techn ique  would be u sab le  only  under s p e c i f i c  c o n d i t io n s .
Any s u b s t a n t i a l  amount o f  tim ber w i l l  e f f e c t i v e l y  h ide  th e  m a jo r i ty  o f  
th e  animals from th e  i n t e r p r e t e r ' s  view. This v i r t u a l l y  e l im in a te s  th e  
use o f  th e  tech n iq u e  f o r  t o t a l  e lk  and deer  census in  the  mountain 
s t a t e s ,  a lthough  i t  might be u sab le  under lo c a l  c o n d i t io n s ,  such as the  
Jackson Hole e lk  h e rd .
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